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Podékovani

Na prvém misté musim podékovat vsem svym studentim (ovSemZe i studentkam)
bakalarského, magisterského i doktorského studia, nebot naprosta vétSina ve spisu
predloZenych ale i nepfedloZenych ¢lankl vyuZiva data shromdazdéna v kvalifikacnich pracich
vSech hodnostnich stupiud. Student(, ktefi prosli myma rukama je ovsem velké mnoZstvi,
vyzdvihnu tedy jen ty, ktefi se podileli na ¢lancich zafazenych do tohoto spisu.

V pfipadé studii na tuhycich musim na prvém misté zminit Martina Strnada, s nimz
jsme metodou pokusu a omylu davali dohromady standardni metodiku, vyuzivanou i jeho
nasledovniky. Na dalsSim misté bych jmenoval Michala Némce, ktery se postupné vypracoval
na zdatného organizatora terénnich praci a Skolitele, formalniho i neformdlniho mladsich
kolegl. Kone¢né bych vyzdvihl Michaelu Syrovou, kterd bez mé asistence vymyslela, jak
testovat nasi hypotézu o podivném chovani tuhyku vici strace. Mé tak blaznivy ale vrcholné
Uspésny experiment nenapadl. Vedle vyse jmenovanych se na predloZzenych tuhycich
studiich podilela jesté Lenka Dokoupilova. V pfipadé krmitkovych studii byla klicovou
postavou nepochybné Katefina Tvardikovda. Myma rukama proslo mnoho student(l, zadny
z nich se ale asi svoji vykonnosti nemUlze s Katefinou srovndvat, o ¢emz svédci vysledky
ziskané za pouhé tfi roky terénniho vyzkumu. Z mladsich student( jsme zatim do podoby
publikace dotdhli data Markéty BurSikové. V klecovych experimentech zaujala obdobné
postaveni jako Katefina Tvardikovd v experimentech krmitkovych, Jana Berankova. Vedle
vlastnich pokust navic zpracovala i vysledky Jany Sykorové.

Kolega Petr Vesely neni sice autorem ani jedné z kvalifikacnich praci, které poslouzily
jako podklad ¢lankd zarazenych do tohoto spisu, na velké Casti se ale podilel, jak pfi terénnim
vyzkumu, tak prfedevsim ve vSech fazich zpracovani dat. Spolu s Janou Berankovou se také
vyznamnou meérou ucastnili prace na Uvodni kapitole, kterd by se méla stat soucdsti vétsi
publikace.

Vedle studentl a Petra Veselého jsem zavdzan i tfem poslednim dékan(m nasi
fakulty, tedy Zdenku Brandlovi, Liboru Grubhofferovi a FrantiSku Vachovi, ktefi mé
k predlozeni habilitacni prace pobizeli, avSak netrestali za moje nekonani. Kone¢nou fazi
pripravy spisu bych urcité nezvladl nebyt pomoci sekretarky nasi katedry Jany Maxerové.

Nemaje rodiny, které byva dékovdno na tomto misté, nahradil bych ji vSemi, ktefi mi
pomahali odreagovat se od naro¢nych pracovnich povinnosti v Ceskych Budé&jovicich, Praze,
stfednim Povltavi i jinde.
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Co vime o tom, jak ptaci rozpoznavaji svoje predatory
Fuchs R., Vesely P., Berankova J.

Kazdy Zivocich se béhem svého Zivota musi vyrovnat se tfemi tkoly: sehnat si potravu, nestat
se potravou pro jiné Zivocichy a pfedat své geny nasledujici generaci. Druhy z ukol( vyZaduje
schopnost potencidlni predatory rozpoznat od jinych objektl, predevsim ovsem neskodnych
zZivocichll. Nikdo zfejmé nebude pochybovat o tom, Ze ptaci stejné jako ostatni zZivocCichové v
néjaké mife tuto schopnost maji, nebot mlzZe podstatnou mérou zvysit Sanci na prefziti jich
samych i jejich potomstva. Otazkou ovSem zUstava, které preddatory rozpozndvaji (a zda je
rozliSuji jen od neSkodnych Zivocichll nebo i navzajem), jaké jejich charakteristiky k tomu
pouzivaji a v neposledni fadé, jak tuto schopnost ziskavaji. V této stati se vénuji pouze
prvnimi dvéma otazkam, nebot problematikou toho, jak ptaci znalost predatord ziskavaiji, se
Zadna z nasleduijicich studii nezabyva.

1. Jak studovat rozpoznavani predatort

Drive nezZ se budeme zabyvat tim, co vime o schopnosti ptak(i rozpoznavat své potencialni
predatory, bude uzZite¢né podivat se, jak |ze tuto schopnost studovat. Chceme-li zkoumat, jak
kofist rozpozndva své predatory, musime splnit dva uUkoly. Pfedevsim je tieba zajistit jejich
vzajemné setkdni. Bud' miZeme vyhledavat spontdnni predacni uddlosti v pfirodé, coz je
relativné neefektivni a vyZzaduje od pozorovatele vynaloZeni velkého usili, predevsim co do
objemu potfebného c¢asu. Druhou mozZnosti je pfistup experimentalni. Zorganizovat setkani
kofisti s predatorem lze jak v prirodé, tak i v zajeti. Oba zpUsoby maji své silné i slabé stranky.
V pfirodé prinasi problémy standardizace experimentl, nebot pokusna zvifata zde nikdy
nejsou pod nasi plnou kontrolou. V zajeti je problémem predevsim reprezentativnost
experiment(ll, nebot podminky zde nikdy pIné neodpovidaji podminkam v pfirodé.

Mame-li zajisténo sekani kofisti s predatorem, je tfeba jesté nalézt citlivé a spolehlivé
indikatory toho, Ze kofist predatora rozpoznala. Pfedevsim si ale musime uvédomit, Ze to
nejsme nikdy schopni dokazat pfimo. My ve skutecnosti v pokusech s netrénovanymi ptaky
(na rozdil od pokusli zaloZzenych na diskriminaénim uceni) netestujeme rozpoznavani ale
rozliSovani mezi predatorem a jinym objektem. Citlivy indikator by mél pak zachytit nejen,
pokud kofist rozliSuje predatora od neskodného Zivocicha (¢i jen néjakého neutrdlniho
predmétu) ale i rGzné skupiny ¢i dokonce druhy predator(i navzajem. Spolehlivy indikator by
mél pfinaset shodné vysledky pfi kazdém setkani predatora a kofisti. Zvlasté druhy
pozadavek je nepochybné maximalisticky. Reakci kofisti ovliviiuje jak jeji vlastni situace
(napf. kondice) tak vnéjsi okolnosti (napf. dostupnost ukrytd). S prihlédnutim k témto
komplikacim se jako vhodné indikatory jevi fyziologické parametry signalizujici strach, nebot
jsou s procesem rozpoznani predatora nepochybné spojeny bezprostrednéji nez behavioralni
odpovéd. lJejich wvyuziti ovSsem komplikuji metodickd omezeni. Primo sledovatelné



behavioralni indikdtory, vyuZivajici rozmanité obranné reakce, proto nadale sehravaji a
budou sehravat hlavni roli.

Vyzkum toho, jak ptaci rozpoznavaji své predatory, nebyl sice nikdy pfilis intenzivni,
ma ale dlouhou tradici sahajici do samych pocatkla behavioralni ekologie a etologie. Stavajici
studie se proto lisi nejen svymi metodikami ale i korektnosti designu. V této kapitole je nasim
cilem podat prehled postup, které se pfi studiu rozpoznavani predator(i pouzivaji, porovnat
jejich prednosti a nedostatky, a pokusit se zhodnotit jejich vliv na dosazené vysledky.

1.1. Observacni studie

Vétsina Zivocichll je ohroZzovdna predaci po vétSinu svého Zivota a proto je antipredacni
chovani nedilnou soucasti jejich kazdodennich aktivit (Caro 2005). Antipredacni chovani vsak
zahrnuje fadu dil¢ich na sebe navazujicich prvk( (Lima and Dill 1990). Pfedevsim zvifata na
okraji hejna ¢i stdda nebo solitérni jedinci stravi zna¢nou ¢ast dne tzv. vigilanci, neboli
sledovanim svého okoli, s cilem odhalit predatora dfive nez on odhali je (Elgar 1989). Pokud
je uspésny, maji velkou Sanci se mu vyhnout, aniz by doslo k pfimé konfrontaci (Sansom et
al. 2009). Pak nemad pozorovatel Sanci zaznamenat jakoukoliv interakci predatora a kofisti.
Pokud ke stfetu kofisti a predatora dojde, je obvykle velmi kratky (napf. Smith 1970) a je
tedy pravdépodobné, Ze mu pozorovatel nebude pfitomen. V pfipadé ptakd je navic
univerzalni reakci uték (Simmons 1955; Lima 1993; Hilton et al. 1999; Martin et al. 2006; van
den Hout et al. 2010). Nejbéznéjsi interakce ptakd s preddatory tedy o jejich schopnosti
predatory rozpozndvat pfinaseji vétSinou jen malo informaci.

Ptaci jsou ovsem velmi specifiti jednim projevem antipredacniho chovani, ktery
umoziuje pouhym pozorovanim zhodnotit, nakolik predatory rozpozndavaji - je jim obrana
hnizda. Hnizdo s vejci a jesté vice hnizdo s mladaty predstavuje pro rodi¢e mimoradné cenny
a soucasné zranitelny objekt. Mladata na hnizdé se sama mohou branit jen velmi omezené
(Redondo and Carranza 1989; Gotawski and Meissner 2007; Hagelin and Jones 2007;
Tillmann 2009; Londofiio et al. 2015). Rodicovska investice do obrany hnizda proto vyrazné
zvysuje jejich fitness (Knight and Temple 1986b; Redondo 1989; Tryjanowski and Gotawski
2004; Miller et al. 2005; Remes$ 2005; Gotawski and Mitrus 2008). Plati to zvlasté pro ptaky
mirného a chladného klimatického pasma, ktefi maji obvykle jen omezenou moinost
nahradniho hnizdéni (cf. Skutch 1949) a jejichz preziti do dalsi sezdny je Casto nejisté, at jiz
migruji nebo nikoliv.

| v pfipadé obrany hnizda je ovSem jeji primarni formou preddtora na néj
neupozornit. Toho Ize dosahnout predevsim opatrnosti pfi stavbé, inkubaci vajec i krmeni
mladat (Roos and Part 2004, Dale et al. 1996, Burhans 2000, Ghalambor and Martin 2000,
Eggers et al. 2005, Amo et al. 2008, Peluc et al. 2008). Pokud je vSak hnizdo predatorem
objeveno, jedinou moznosti, jak predaci zabranit, z(stdvd obvykle aktivni obrana, kterou
oznacujeme terminem mobbing (Montgomerie and Weatherhead 1988). Aktivni obrana
obvykle trva déle nez uték a navic zahrnuje vétsi pocet aktivit liSicich se rizikem, které branici
ptaci podstupuji (Sordahl 1990). Volba, kterou z nich pouzit, bude mimo jiné zaviset na
nebezpedi, které pritomny predator predstavuje pro branici rodi¢e a/nebo jejich potomky
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(Ash 1970, Curio 1975, Gottfried 1979, Curio et al. 1983, Curio and Regelman 1985, Elliot
1985, Curio and Onnebrink 1995, Hogstad 2005).

Predace je u vétsiny ptakd nejcastéjsi pri¢inou hnizdniho neuspéchu (Ricklefs 1969;
Nilsson 1984; Martin and Roper 1988; Martin 1993a,b), podil predovanych hnizd se mlze
pohybovat od 1.4 % (Holway 1991) u dobfe ukrytych hnizd lesfacka Dendroica caerulescens
az po 85 % u kardindla Cardinalis cardinalis (Filiater et al. 1994) nebo nékterych
jihoamerickych druhl pévch (Skutch 1996). | tak ale pravdépodobnost zachyceni pokusu o
predaci jednotlivého hnizda zlstdva pomérné nizkd, nebot se jednd, o udalost trvajici
obvykle nejvyse minuty (Weidinger 2010). V poslednich desetiletich se objevila mozZnost
kontinualniho sledovani hnizd pomoci videokamer (rev. Cutler and Swann 1999, Cox et al.
2012), pro studium rozpoznavani predatori branicimi ptaky vSak dosud vyuZita nebyla.
Jednou z pfi¢in mizZe byt to, Ze u vétSiny druhl prevdznou cast hnizdnich ztrat zpUsobuje
nékolik malo specializovanych predatort (e.g. Conner et al. 2010; Conkling et al. 2012;
Friesen et al. 2013; Murray 2015).

Pfesto sledovani stfetll hnizdicich ptak( s predatory poznatky o jejich rozpoznavani
prineslo, byt nemuselo byt hlavnim cilem pfislusnych studii. Velmi ¢asto se jednalo o druhy
hnizdici na zemi v otevieném terénu, jejichz hnizda mohou, alespon teoreticky, snadno
objevit vSichni prolétavajici ptéci. Tyto charakteristiky ¢asto splnuji prislusnici fadu bahnaka,
z nichz byli studovani kulici (Brunton 1968, 1990; Byrkjedal 1987; Amat a Masero 2004),
Cejky (Green et al. 1990; Walter 1990), bifehousi (Green et al. 1990), pisily a tenkozobci
(Sordahl 2004), racci a rybaci (Kruuk 1964; McNicholl 1973; Brunton 1997, 1999; Cavanagh
and Griffin 1993; Stenhouse et al. 2005; Palestis 2005), ale i zastupci jinych skupin napf.
kormorani (Siegel-Causey and Hunt 1981) nebo kachny (Jacobsen and Ugelvik 1992).

Efektivitu téchto vyzkum( u vétsiny studovanych druht posilovalo i to, Ze hnizdi
kolonialné ¢i polokolonialné. Podobné studie tedy mohly byt provedeny také na kolonialné
hnizdicich pévcich, napf. vlastovkach (Guillory and LeBlanc 1975; Winkler 1992); ale i jinych
skupinach, napf. pilanech (Murphy 2006). Hnizdni kolonie je pro predatory (i badatele)
nepochybné napadnéjsi neZ jednotlivé hnizdo a navic predstavuje lakavéjsi kofist. Jinou
prednosti je, Ze umozZnuje sledovat chovani vétsiho mnozstvi jedincd, ktefi se lisi jak mirou
bezprostfedniho ohroZeni, tak i motivaci k obrané, ktera zavisi predevsim na hodnoté jejich
potomstva dané stafim a poctem mladat ¢i vajec (Barash 1976, Knight and Temple 1986a,
Conover 1987, Burger et al. 1993, Clode et al. 2000; Montgomerie and Weatherhead 1988,
Andersson et al. 1980). Méritkem toho, nakolik byl urlity vetfelec vyhodnocen jako
nebezpedi, Ize pak pouZit napf. pocet ptaku, ktefi se do antipredacniho chovani zapojili
(Shields 1984, Brown and Hoogland 1986, Burger and Gochfeld 1992, Clode et al. 2000,
Arnold 2000, Fuchs 1977, Bosque and Molina 2002).

Nicméné kromé téchto kolonidlné hnizdicich druhd byla sledovdna schopnost
rozpoznavat pfirozené se vyskytujici predatory i pfi obrané hnizd druhy, které hnizdi
solitérné, jako jsou napf. strnadi (Nice and Ter Pelkwyk 1941), straky (Buitron 1983) a
palmovnici (Leger and Carroll 1981).



Za urcitych okolnosti |ze studovat prirozené antipredacni chovani také u nehnizdicich
ptakd. Trail (1987) napriklad sledoval chovéani skalndk( vaci rlznym potenciondlnim
predatorim na tokanistich, kde se samci vyskytuji hromadné. Dalsi situaci, v niz jsou ptéci
snadno pozorovatelni, je hledani potravy, nebot i pfi ném se néktefi ptaci sdruzuji. V mirném
pasmu severni polokoule jsou to napfiklad zimni hejna pévcl, predevsim sykor (Hill 1986;
Gentle and Gosler 2001; Davies and Welbergen 2008; Soard and Ritchison 2009; Courter and
Ritchison 2010; Tvardikovd and Fuchs 2010, 2011,2012; Suzuki 2011), ale i pénkavovitych
(Whittingham et al. 2004; Quinn and Cresswell 2005) a krkavcovitych pévct (Hauser and
Caffrey 1994; Griesser 2008, 2009). Podobné Ize vyuzit i potravni hejna Spackd (Conover and
Perito 1981), holubt (Griffin et al. 2005) nebo bahnakl (Minderman et al. 2006; Mathot et
al. 2009). Takovdto hejna ale za normalnich okolnosti bohuZel neposkytuji moZnost
soustavného sledovani, nebot jsou velmi pohybliva a to nejen v delSich ¢asovych méfitcich
ale i béhem dne (Tvardikovd and Fuchs 2010, 2011,2012).

Tim neni prehled studovanych druhl vycerpan. Zajimavé vysledky tykajici se
schopnosti rozpoznavat predatory pfinesla studie, v niz Nijman (2004) soustavné pozoroval
rdzné druhy drongl lovicich strategii ,sit-and-wait” a tedy dobre viditelné i v podrostu
tropického lesa. Nicméné i tak studie vyZadovala osmilety sbér dat. Pfi studiu socidlné Zijicich
timalii vyuZili Edelaar and Wright (2006) pfi svém vyzkumu v izraelském Arava rift valley
toho, Ze pres tuto lokalitu probiha tah palearktickych dravcli. Béhem devititydenniho
vyzkumu (1-6 hodin denné) se jim tak podafilo shromazdit necelych 250 kontakt(l hejnek
timalii s potenciadlnimi predatory.

1.2. Experimenty

Je zfejmé, Ze observacni pristup nabizi pro studium rozpoznavani predatorl jen velmi
omezené moznosti. Vétsina stavajicich poznatkl proto pochazi z rlznych typl experimenta.
Ty pfedevsim zvysuji efektivitu vyzkumu, tim Ze inscenuji setkani kofisti a predatora a to
nikoliv ndhodné pfitomného, ale cilené zvoleného. Zcela nezbytny je experimentalni pfistup,
je-li vyzkum zaméfen na proces rozpoznavani, coz vyzaduje manipulaci potencialnich
rozpoznavacich znakl (Edwards et al. 1950; Curio 1975; Scaife 1976; Smith and Graves 1978;
Gill et al. 1997; Davies and Welbergen 2008; Trnka et al. 2012; Berankova et al. 2014), kterou
umoznuji jen atrapy predator(.

Nicméné i v experimentech plati, Ze preferovanou formou antipredac¢niho chovani je
vyhnout se setkdni s predatorem (Kratzig 1940; Scaife 1976; Palleroni et al. 2005). To je
ovsem, alespon v prirodnich experimentech, obecné snadné a pro ptaky vyznacujici se
mimoradné velkou mobilitou to plati dvojndsob. Od ndhodné expozice predatora v terénu
Ize tedy jen stéZi oCekavat jednoznacéné vysledky. Pfes vySe uvedenou nevyhodu nékolik
studii s timto designem, které prezentovaly dravce (Rainey et al. 2004), tuhyky (Chu 2001)
nebo i savéi predatory (Naguib et al. 1999; Rainey et al. 2004; Randler 2006) vzniklo. Nékdy
se tyto studie dokonce zamérovaly na konkrétni, obvykle socialni ptaci druh (Naguib et al.
1999; Rainey et al. 2004; Adams et al. 2006; Randler 2006; Magrath et al. 2007). Ve vétsiné
vsak nebyli testovanym ptakim predkladani pfimo predatofi ale nahravky konspecifickych ci
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heterospecifickych varovnych hlas(, popripadé akustickych projevi predatora. Lze ovsem
predpokladat, Ze reakce na akustické signdly bude aktivnéjsi, nebot adekvatni odpovéd
vyzaduje potvrdit ¢i upresnit povahu a miru hroziciho nebezpedi.

Jedna vyjimka nicméné existuje. Aktivné obvykle ptaci ve dne reaguji, bez ohledu na
jiné okolnosti, na pritomnost sov (Naguib et al. 1999; Yorzinski and Vehrenkamp 2009). Ty
pro né predstavuji vyznamné nepratele, ve dne jsou vSak docasné handicapovany. Aktivni
obrana ma zfejmé za cil vystrnadit je z teritoria ¢i domovského okrsku a predejit tak no¢nimu
ohroZeni. Pro studium rozpoznavani predator( byla tato metoda pouZita opakované, a to jak
ve studiich porovnavajicich reakce na sovy a jiné predatory (Naguib et al. 1999; Yorzinski and
Vehrenkamp 2009), tak ve studiich porovnavajicich rizné druhy sov (Miller 1952; Altmann
1956; Reudink et al. 2007). Dokonce byla tato metoda vyuZita pro zhodnoceni nebezpeci
reprezentovaného modifikovanym predatorem. Deppe et al. (2003) pouzivali dfrevéné atrapy
kuliSka (Glaucidium gnoma), které se liSily pfitomnosti o€nich skvrn v zatylku, a autofi
sledovali, z jaké strany se pfiblizuji mobbujici ptaci.

Nicméné, nepochybné vyhodnéjsi je, pokud se podafi usporadat terénnich
experimenty tak, abychom pfiméli testovana zvifata nevolit preferovanou formu
antipredaéniho chovani, tedy vyhnuti se predatorovi. Toho Ize dosdhnout tim, Ze navodime
situaci, v niz vznika trade-off mezi vyhnutim se predatorovi a jinym zajmem (Caro 2005).

1.2.1. Hnizdni experimenty
Jak jsme jiz zminili v kapitole 1.1., je pro ptaky asi nejvyznamnéjsi takovouto situaci obrana
hnizda. | pfi obrané hnizda ma ale prednost snaha zabranit v jeho objeveni. Napfiklad tuhyk
obecny vyrazné omezuje intenzitu aktivni obrany jiz tehdy, nachazi-li se vycpanina sojky ve
vzdalenosti 10 m od hnizda (Ticha unpublished observation). Predator v polnich
experimentech byva proto obvykle umistén v bezprostfedni blizkosti hnizda a v pfipadé
atrap jeho pohled sméfuje k hnizdu, tak aby navodil dojem akutniho ohroZeni. Experimenty
jsou obvykle provadény ve fazi krmeni mladat, kdy rodice reaguji nejaktivnéji. To je
zpUsobeno predevsim tim, Ze hodnota potomstva v pribéhu hnizdéni z fady davodl vzrista
(Knight and Temple 1986c; Montgomerie a Weatherhead 1988; Amat et al. 1996; Halupka
1999; Campobello and Sealy 2010). Nemaly vyznam ale mlzZe mit i obtizna utajitelnost
hnizda ve fazi krmeni (Rytkonen et al. 1995; Gotawski and Mitrus 2008).

| pfes veskeré usili o standardizaci byvd reakce testovanych ptakd variabilni. Vedle
rozdilné hodnoty potomstva dané poltem a stafim mladat (Andersson et al. 1980;
Montgomerie and Weatherhead 1988; Halupka and Halupka 1997; Halupka 1999; Pavel and
Bure$ 2001; Tryjanowski and Gotawski 2004), ale i pomérem pohlavi mladat (Radford and
Blakey 2000) nebo Sanci na jejich uspésné vyvedeni a preziti (Hakkarainen and Korpimaki
1994), mliZze byt pfi¢inou i rozmanitost rodic¢d. Predevsim byl prokazan vliv jejich odliSného
stari respektive zkusSenosti (Montgomerie and Weatherhead 1988), pohlavi (Wiklund 1990;
Tryjanowski and Gotawski 2004; Hogstadt 2005), aktualni kondice (Hamer and Furness 1993;
Hogstadt 1993, 2005; Griggio et al. 2003), hormonalniho vyladéni (Cawthorn et al. 1998), ale
i personality (Hollander et al. 2008). Intenzitu obrany vSak muze ovliviiovat i prostiedi v okoli
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hnizda (Kleindorfer et al. 2005) a jeho ukryti respektive pfistupnost (Montgomerie and
Weatherhead 1988; Holway 1991; Weidinger 2002; Kleindorfer et al. 2003; Remes 2005;
Gotawski and Mitrus 2008).

Pomérné casto se vyskytuji i pary, které na jednoznacné nebezpecného preddtora
nereaguji bud vlbec, nebo jen velmi slabé (Strnad et al. 2012). Vedle vyse uvedenych faktoru
nelze jako pficinu, pfedevsim v pfipadé vyuziti atrap predator(, vyloucit ani nevérohodnost
experimentu (Knight and Temple 1986a; Weatherhead 1989; Rytkdnen et al. 1990; Grim
2005; Némec et al. 2015). Ziskani hodnovérnych vysledkd proto vyZzaduje pomérné velky
objem dat. V stavajicich pracich se pohybuje od 13 (Csermely et al. 2006) do 120 (Arroyo et
al. 2001) testovanych paru.

Pfes urcité nevyhody jsou experimenty simulujici ohroZeni hnizda Siroce vyuzivany a
to nejen pro vyzkum rozpoznavani predatord. Asi nejintenzivnéjsi byla takto studovana
schopnost rodicl fesit trade-off mezi investicemi do obrany a hodnotou potomstva pro
rodice (Greig-Smith 1980; East 1981; Burger et al. 1989; Rytkdnen et al. 1990, 1995; Hamer
and Furness 1993; Curio and Onnebrink 1995; Ghalambor and Martin 2000; Rytkénen 2002;
Fischer and Wiebe 2006). Vyzkum schopnosti rozpozndvat preddatory je ale nedilnou
soucasti, byt casto nikoliv hlavni feSenou otdzkou, dalsi pomérné velké skupiny praci,
zamérenych na trade-off mezi investicemi do obrany a nebezpedim, které predator
predstavuje pro rodie a mladata (Tab. v elektronické pfiloze). Posledni a nejmensi skupinu
praci vyuzivajicich hnizdni experimenty predstavuji ty, které studuji proces rozpoznavani
predator( (a hnizdnich parazit(i), konkrétné znaky, kterymi se pfi ném ptaci ridi (Tab.).

VétsSina praci zaméfenych na rozpozndvani predatorl a zaloZenych na hnizdnich
experimentech vyuzivd pévce (Tab.), ziejmé predevsim kvali vy$sim hnizdnim hustotdm
usnadniujicim ziskani dostate¢ného materidlu. Z téhoz dlvodu jsou mezi pévci
nejpopuldrnéjsi druhy kolonidlné hnizdici (Barash 1976; Smith and Graves 1978; Shields
1984; Brown and Hoogland 1986; Knight and Temple 1986a,c, 1988; Winkler 1992, 1994) a
druhy ochotné vyuzivajici hnizdni budky. Nej¢astéji se jedna o sykory (Curio et al. 1983; Curio
and Regelman 1985; Ficken et al. 1994; Curio and Onnebrink 1995), ale i lejsky (Curio 1975;
Shalter 1978; Dale et al. 1996; Bure$ and Pavel 2003) nebo brhliky (Ghalambor and Martin
2000). Vedle nich se uplatnuji drozdi (Shedd 1982; Mclean et al. 1986; Hogstad 2005;
Rodriguez-Prieto et al. 2009), pénicoviti (Edwards et al. 1950; Halupka 1999; Bures and Pavel
2003; Kleindorfer et al. 1996, 2005) a rtizné druhy zrnozravych pévcl (Patterson et al. 1980).

Vyhodou pfi vyhodnocovani experiment( je, pokud testovany druh pouZiva agresivni
formy obrany (Edwards et al. 1950). V stfedni Evropé je takovym druhem tuhyk obecny
(Lanius collurio, Ash 1970; Strnad et al. 2012; Némec and Fuchs 2014; Némec et al. 2015),
ktery ve vhodnych biotopech dosahuje pomérné vysokych hnizdnich hustot (Roos and Part
2004; Gotawski and Meissner 2007), jehoz hnizda jsou snadno nalezitelna (Mdller et al.
2005) a kterému jeho fyzické dispozice umoziuji pouZzit nejagresivnéjsi formy obrany
(Tryjanowski and Gotawski 2004, Strnad et al. 2012). Podobné lze na severoamerickém
kontinentu vyuzit napf. tyrany (Blancher and Robertson 1982).



Nepévci se v hnizdnich experimentech zamérenych na rozpoznavani predator(
vyuzivaji méné casto (Tab.). Jednd se predevsim o kolonidlné hnizdici druhy (Elliot 1985;
Conover 1987; Burger and Gochfeld 1992; Clode et al. 2000; Stenhouse et al. 2005), jejichz
pfednosti byly zminény v souvislosti s observaénim pfistupem, ale existuji i prace na dravcich
(Arroyo et al 2000; Csermely et al. 2006) nebo sovach (Hakkarainen and Korpimaki 1994).

1.2.2. Krmitkové experimenty

Jinou situaci, kdy midzeme ptaky prfimét k tomu, aby se predatorovi nevyhybali, je nabidnout
jim atraktivni zdroj potravy. V chladném a mirném klimatickém pasmu jsou takovym
zdrojem zimni krmitka. Krmitko mlzZe predstavovat vyznamny zdroj potravy, predevsim v
obdobi omezeni jejich pfirozenych zdroju (Lack 1954, Robb et al. 2008a, b). Navstéva krmitka
pak mlze vyznamné prispét k preziti jedince a zvysit tak jeho fines (Jansson et al. 1981).
Zimni krmitka nicméné predstavuji zajimavy zdroj potravy i pro predatory, ktefi zde maji
jistotu objeveni kofisti (Dunn and Tessaglia 1994). Ptaci tedy na krmitcich Cceli
predace a vyuzitim potravniho zdroje (napf. Abrahams and Dill 1989, Carrascal and Alonso
2006; Carrascal and Polo 1999).

Pokud umistime v blizkosti krmitka predatora, navodime situaci, kdy se pfilétajici
ptaci musi rozhodnout, zda na vyuZiti nabizené potravy rezignuji, ¢i zda se rozhodnou riziko
podstoupit. Miru rizika miZeme upravovat zménou vzddlenosti predatora od krmitka,
stdvajici studie zamérené na rozpozndavani predatord ho vsak umistovaly v tésné blizkosti
(Hill 1986; Davies and Welbergen 2008; Tvardikova and Fuchs 2010, 2011, 2012) nebo max.
do 1 metru (Soard and Ritchison 2009, Courter and Ritchison 2010). Vyjimkou jsou studie
Griessera (2008, 2009), ktery umistoval vycpaniny predatori 5 m od krmitka, na které létaly
sojky zlovéstné (Perisoreus infaustus).

Na prvy pohled by se tedy mohlo zdat, Ze krmitkové experimenty nabizeji idealni
pfistup k vyzkumu rozpozndvdni predatori. BohuzZel vSak pfinaseji i nepominutelné
nevyhody. Pokud se v pfipadé hnizdnich experimentl potykdame s jejich standardizaci, o
experimentech krmitkovych to plati dvojnasob.

Hlavnim problémem je naprosta anonymita ptak( navstévujicich krmitko. Vétsina
druhl vyuzivajicich krmitka vytvari hejna, ktera v nejblizSim okoli krmitka nepobyvaji trvale
ale pouze jednordzové (Tvardikova a Fuchs 2011), nepochybné proto, aby snizZila nebezpeci
predace (Elgar 1989, Lima 1995, Beauchamp 2001). Frekvence i pravidelnost navstév se u
jednotlivych ptacich skupin lisi. Pomérné ¢asto a pravidelné navstévuji krmitka hejnka sykor
(Jansson et al. 1981; Shedd 1983; Hinsley et al. 1995; Koivula et al. 1995; Kullberg 1998;
Pravosudov and Grubb 1998; Krams 2000, 2001; Gentle and Gosler 2001; Krams et al. 2006),
intervaly mezi ndvstévami hejn zrnojedt (Fringillidae, Emberizidae) jsou delsi a nepravidelné,
pravdépodobné proto, Ze mohou jednorazové pfijmout vétsi mnozstvi potravy (Lilliendahl
1997; Quinn and Cresswell 2005; Roth et al. 2008).

Krmitka navstévuji i druhy, které se v jeho okoli zdrzuji trvale, nebot maji vice méné
stdld zimni teritoria Ci okrsky. V stfedni Evropé jsou to napfiklad cervenky (Erithacus
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rubecula), kosové (Turdus merula), brhlici (Sitta europaea), strakapoudi (Tvardikova and
Fuchs 2012), ve Svédsku (Jansson et al. 1981) sykory luzni (Poecile montanus) a parukarky
(Lophophanes cristatus). Objevuji se ale na krmitku obvykle jednotlivé a zmény jejich
pocetnosti proto neptindseji dostatek informaci o tom, jak hodnoti nebezpedi predace.
Nerovnomérné vyuziti krmitek v ¢ase Ize kompenzovat dvéma zplisoby. Budto je prezentace
predatora velmi kratkd (5 minut ve studiich Davies and Welbergen 2008; Soard and Ritchison
2009; Courter and Ritchson 2010) a postihne tedy homogenni vzorek populace ptak( pravé
aktudlné pritomnych v okoli krmitka. Naopak Ize pak predatora prezentovat tak dlouho, aby
velka c¢ast celkové populace ptakd krmitko stihla navstivit (30 minut v pfipadé studii Griesser
2008, 2009; Tvardikova a Fuchs 2010, 2011, 2012).

Problematika anonymity ptakd navstévujicich krmitko je v nékterych pripadech beze
zbytku vyresena. Jednd se napf. o studie na sojce zlovéstné (Griesser 2008, 2009). Zde méli
badatelé k dispozici pochytanou a barevné oznacenou skupinu ptakl, jejichz vzajemné
socidlni vztahy byly dobfe zndmy (Ekman et al. 2001, Griesser 2003, Griesser et al. 2008,
2009). Tyto prace, spolecné se studii Hauser and Caffrey (1994) na vrdné Corvus
brachyrhynchos jsou také jediné, které pfi vyzkumu rozpozndvdani predator(i na krmitku
nepouzivaly jako studijni objekty sykory (Tab.).

V jejich pripadé neni problém s anonymitou beze zbytku fesitelny. SloZeni sykorcich
hejn se totiz méni v ¢ase, nékteri jedinci je opoustéji, jini naopak pfichazeji (Tvardikova and
Fuchs 2011). Rychlost obmény je u rGznych druh( rGznd. VétSina evropskych sykor, s
vyjimkou sykory parukarky a luzni, které jsou v pribéhu zimy vysoce sedentarni (Jansson et
al. 1981), vytvari anonymni hejna s nizkou stabilitou (Gaddis 1980). Severoamerické druhy
sice obvykle také vytvareji hejna, avsak se stabilnim sloZzenim a hierarchickou strukturou.
Plati to pro druhy Poecile atricapilla (Shedd 1983; Apel 1985; Smith 1997; Gunn et al. 2000),
Poecile carolinensis (Freeberg and Lucas 2002; Soard and Ritchison 2009), Poecile sclateri
(Ficken et al. 1994) i Baelophus bicolor (Hill 1986; Pravosudov and Grubb 1998; Courter and
Ritchison 2010).

Stabilita hejn s sebou pfinasi problém pseudoreplikaci. Pokud by byla hejna absolutné
stabilni v pribéhu celé zimy, neméli bychom na jednom krmitku respektive na jedné lokalité
experimenty opakovat. To je ovsem obtizné splnitelné a to nejen z technickych divodu (viz
nize). Pfinejmensim v pfipadé druhd vytvarejicich anonymni hejna vSak k obméné sloZeni
dochdzi. Vzhledem k tomu, Ze provedeni série experimentl obvykle zabere nékolik dni
(Tvardikova and Fuchs 2011), nejsou tedy stabilita hejn a z ni plynouci pseudoreplikace
fatalnim problémem, mély by vsak byt pfi hodnoceni vysledkd zohlednény. Rychlost obmény
Ize stanovit opakovanym odchytem a individualnim krouzkovanim. Quinn et al. (2012) tuto
metodu obohatili o znaceni odchycenych sykor pasivnimi Cipy (PIT), které byly odeditany
zapisovaci, umisténymi u jednotlivych krmitek.

Stejné jako v pripadé experimentl hnizdnich ovliviiuje krmitkové experimenty také
prostfedi. Naprosto zasadni vyznam ma predevsim dostupnost ukrytll. Pokud maji ptaci
navstévujici krmitko moznost rychlého utéku do ukrytu, jejich ochota riskovat se i ndsobné
zvysuje. V jedné ze studii Tvardikové a Fuchse (2012) bylo ochotno riskovat pfilet na krmitko,
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v jehoz blizkosti se nachazel krahujec 31 % sykor, zatimco v druhé (Tvardikovd and Fuchs
2011) maximalné 5 % sykor. V prvém pfipadé bylo pokusné krmitko ze tfi stran obklopeno ve
vzdalenosti do 2 m kefi, v druhém bylo umisténo na louce ve vzdalenosti 7 m od kfovinaté
meze. Zasadni vliv dostupnosti Ukrytu na ochotu ptdk( navstévujicich krmitko riskovat
zpUsobuje, Ze mezi jednotlivymi lokalitami (krmitky) nelze srovndvat chovani viéi témuz
druhu (modifikaci) predatora ale jen rozdily v chovani viici rznym druhtm (modifikacim).

Frekvenci i pravidelnost navstév krmitek zfejmé ovliviiuje také nabidka jinych
potravnich zdroji v okoli. Nasvédcovala by tomu vyssi variabilita reakci sykor na téhoz
predatora zjisténa v méstech, kde je Siroce rozsiteno zimni pfikrmovani ptakd (Fuller et al.
2008; Davies et al. 2012), ve srovnani s venkovskou krajinou (Fuchs personal observation).
Vcelku neprekvapivé ovliviiuje vyznamné ochotu riskovat také pocasi. V situaci s velmi
nizkymi teplotami a vysokou snéhovou pokryvkou se motivace ptakl navstivit krmitko i pres
pfitomnost predatora zvysuje a jejich ochota riskovat vzrlistd (Tvardikova and Fuchs 2011).
Tyto parametry je proto nutné vzdy zahrnout do analyzy ziskanych dat.

Z predchozich odstavcl je ziejmé, Ze absolutni pocty pfileti na krmitko ovliviiuje fada
ménicich se faktorl a nemohou proto slouzit jako spolehlivé méfitko ochoty ptak( riskovat.
Je tedy nutno je vztdhnout k néjaké kontrole. Nejjednoduseji ji ziskame tak, Ze stfidame
usporadani, pfi nichz je krmitko volné pfistupné, s usporadanimi, pfi nichz je u krmitka
instalovan predator. Méritkem ochoty ptaku riskovat, je pak pokles poctu pfriletli na krmitko
po expozici predatora. Ani tento zpusob korekce dat vSsak nemize eliminovat kratkodobé
fluktuace v pohybu jednotlivych hejn, kterd mohou naptiklad jinak pravidelné navstévované
stanovisté vynechat.

Optimalni reSenim by bylo, kdyby kontrola probihala soucasné s expozici predatora.
To umoznuje ,dvoukrmitkovy” design (Tvardikovd and Fuchs 2010, 2011). Pfitomnym
ptakiim jsou nabidnuta dvé krmitka nachdzejici se na dohled od sebe. Na jednom z nich je
umistén testovany predator, na druhém kontrolni druh. Kontrolnim druhem muize byt
extrémné nebezpecny predator (ve stfedni Evropé krahujec obecny), nebo neskodny ptak
obdobné velikosti jako predator (ve stfedni Evropé napriklad holub domaci).

Pokud béhem pokusu k testovanému predatorovi prilétne vice ptakl nez ke krahujci,
znamena to, Ze testovany predator vzbuzuje mensi strach nez krahujec. Sykory v ném sice
mohly rozpoznat nebezpecného ptaka nikoliv vSak krahujce. Toto srovnani je dUlezité, pokud
modifikujeme potencidlni rozpoznavaci znaky krahujce (at jiz sdilené s jinymi dravci nebo
druhové specifické). Pokud béhem pokusu k testovanému predatorovi prilétne méné ptaka
nez k holubovi, znamena to, Ze testovana atrapa vzbuzuje vétsi strach nez holub. Sykory v ni
tedy rozpoznavaji nebezpecného ptaka. Pokud ale atrapa nevzbuzuje vétsi strach nez holub,
zadny z ji nesenych znakd nepostacuje k tomu, aby byla rozpozndana jako predator.

Krmitkové experimenty byly dosud pro vyzkum antipredacniho chovani vyuzivany
pomeérné ziidka. NejCastéji poslouzily pro studium fyziologické odpovédi na ohrozeni predaci
(napf. Gentle and Gosler 2001). Pro studium rozpoznavani predatord byly krmitkové
experimenty vyuZity spiSe ojedinéle (Tab.). Na viné jsou ziejmé metodické problémy s nimi
spojené. Ty jsou vsak alespon ¢astecné resitelné a navic je vyvaZuje jednoznacnost odpovédi
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testovanych ptakd. Proto se domnivame, Ze krmitkové experimenty nabizeji pro dalsi
vyzkumy zajimavé moznosti. Jejich pouZiti by navic nemuselo byt omezeno na zimni obdobi a
mirné respektive chladné pasmo severni polokoule. Doplfikové zdroje potravy lze predkladat
i hnizdicim ptakim (Hauser and Caffrey 1994) a ptakim v teplych klimatickych pasmech
(Griffin et al. 2005).

1.2.3. Voliérové a klecové experimenty

Antipredacni chovani ptak(l je mozné zkoumat také v zajeti. Tento pfistup, na rozdil od
polnich experimentd, umoznuje standardizaci experimentdlnich podminek. S tim spojenou
nevyhodou ovSem je, Ze se tyto podminky zasadné liSi od podminek v ptirodé. Pokud jsou
testovani ptaci v pfirodé odchyceni, je pro né ziejmé hlavnim zdrojem stresu zajeti a to i
tehdy, jsou-li na nové prostredi habituovany (Van Dongen et al. 2001). Sykory v klecovych a
voliérovych experimentech travi nejvice ¢asu exploraci, nepochybné vedeny snahou
uniknout. Pfitomnému predatorovi sice pozornost vénuji, aviak mensi nez v experimentech
pfirodnich (srovnej Berankova et al. 2015 and Vesely et al. 2016).

Studie zkoumajici antipredacni chovani s vyuzitim experimentd probihajicich v zajeti
maji dlouhou tradici. Vyluéné voliérové experimenty pouzivaly pionyrské prace zamérené na
hledani znakd, kterymi se pfi rozpozndvani predatort ptaci fidi (Lorenz 1939; Kratzig 1940;
Nice and Ter Pelkwyk 1941; Melzack et al. 1959; Hinde 1960). Velkého rozvoje se tento
pfistup dockal od Sedesatych let (Schaller and Emlen 1962; Melvin and Cloar 1969; Scaife
1976; Klump and Curio 1983; Evans et al. 1993a, b; Flasskamp 1994; Kullberg 1998), opét
pfedevsim pfi studiu rozpoznavani letovych siluet dravcl (Green et al. 1968; Mueller and
Parker 1980; Moore and Mueller 1982; Canty and Gould 1995). S rozpoznavanim predatoru
souvisi také studie zamérené na funkci varovnych hlast (Bautista and Lane 2000; Dessborn
et al. 2012) nebo na rozpoznavani pachi (Fluck et al. 1996; Hagelin et al. 2003).

Klecové experimenty v poslednich letech zaZivaji vyraznou renesanci a jsou po
experimentech provadénych u hnizd nejcastéjsi metodou pfi studiu rozpozndvani predatora
(Lind et al. 2005; Palleroni et al. 2005; Templeton et al. 2005; Azevedo and Young 2006a,b;
van den Hout et al. 2006, 2010; Zaccaroni et al. 2007; Carter et al. 2008; Cresswell et al.
2009; Mathot et al. 2009; Binazzi et al. 2011; Sieving et al. 2010; Schleidt et al. 2011;
Dessborn et al. 2012; Schetini de Azevedo et al. 2012; Berankova et al. 2014, 2015).
pouze sledovany reakce ptdkd na ndhodné se vyskytnuvsi volné Zijici predatory (Gyger et al.
1987), brzy ale nastoupily experimenty vyuzivajici rGzné formy simulované prezentace
predator(.

Predevsim starsi studie pracovaly s domestikovanymi (kur domadci, kachna, husa,
krocan) nebo v zajeti odchovanymi (bélokufi, krepelové, orebice, strnadi) druhy (Tab.). To
ovsem omezuje jejich vypovédni hodnotu, nebot vyznamnou ¢ast znalosti o predatorech
ptaci ziejmé ziskavaji u¢enim (Curio 1975, Maloney and McLean 1995, MclLean et al. 1999,
Kullberg and Lind 2002). Domestikované druhy maji navic tendenci omezovat svoje
antipredacni chovani a spoléhat ¢aste¢né na ochranu clovéka (Schaller and Emlen 1962).
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Domestikace mUze konecné pozménit jejich kognitivni schopnosti a repertoar chovani (napfr.
Kagawa et al. 2014). Specidlnim ptipadem, kdy jsou v zajeti odchovanym ptakim
prezentovani predatofri, je snaha stimulovat antipredacni chovani u ohrozenych druht pred
jeho vypusténim do pfirody (Holzer et al. 1996; McLean et al. 1999; Wong 1999; Goth 2001;
Azevedo and Young 2006a,b; Schetini de Azevedo et al. 2012).

Z ptakd odchycenych ve volné prirodé byly v zajeti jednoznacné nejcastéji testovany
sykory (Klump and Curio 1983; Hogstad 1995; Alatalo and Helle 1990; Kullberg 1998;
Pravosudov and Grubb 1998; van der Veen 1999; Bautista and Lane 2000; Kullberg and Lind
2002; Baker and Becker 2002, Lind et al. 2005; Templeton et al. 2005; Sieving et al. 2010;
Berankova et al. 2014, 2015). Kromé nich byli obas pouziti také drozdi and Spacci
(Flasskamp 1994; Carter et al. 2008), pénice (Fransson and Weber 1997), zrnojedi (Hinde
1960; Cresswell et al. 2009) nebo bahnaci (Hagelin et al. 2003; Mathot et al. 2009; van den
Hout et al. 2006, 2010).

U rady druhl je stres zplisobeny zajetim zfejmé tak vysoky, Ze nejsou schopny
projevovat normalni antipredacni chovani (Dickens and Bentley 2014). Sykory se v tomto
ohledu jevi jako jednoznacné nejvhodnéjsi skupina. | v pfipadé druht pfizpUsobivych je vsak
tfreba pocitat s uréitym ¢asem na adaptaci. Ptaci si musi nejen zvyknout na zajeti jako takové
ale i sezndmit se s pokusnou voliérou ¢i kleci. Sykory konadry testované Berankovou et al.
(2014) byly prfed pokusem drzeny v zajeti 1-3 dny. Do pokusné klece pak byly umistény 10
minut pred vlastnim pokusem. Toto usporadani se ukazalo jako vyhovujici, nebot ptaci
projevovali bohaty repertodr antipredacniho i komfortniho chovani, které se zfejmé vcelku
dobfe shodovalo s chovanim ptirozenym.

1.2.4. Prezentace predatort
Experimentalni pfistup ke studiu rozpozndvani predatorli s sebou pfinasi otazku, v jaké
podobé a jakym zptisobem je testovanym ptakiim prezentovat. Zivi predatofi jsou pouzivani
spiSe méné casto (Tab.). Vedle obtizi se ziskdnim jsou zifejmé pfi¢inou nesnaze spojené s
vlastni prezentaci. Ta musi byt vérohodnda, soucasné ale takova, aby zabranila pfimému
kontaktu preddatora s testovanymi ptéky. To Ize zajistit umisténim do klece (Curio et al. 1983;
Curio and Regelmann 1985; Flasskamp 1994; Sieving et al. 2010), je ale otdzkou, nakolik ptaci
vnimaji, Ze predator v kleci predstavuje realné ohrozeni. Vhodnéjsi je privazani predatora k
bidylku (Curio et al. 1983). Chovani predatora by navic mélo byt ve vSech opakovénich
obdobné. Tyto poZzadavky lze, predevsim v pripadé predatord ptacich, jen obtizné splnit.
Pfesto existuji studie, kterym se to podafilo. Palleroni et al. (2005) poufZil ve svych
experimentech tfi zastupce rodu Accipiter. Cviceni jedinci prelétavali nad voliérou se
slepicemi, které projevovaly rGzné antipredacni chovani odrazejici miru vnimaného
nebezpecdi. Templeton et al. (2005) dokonce prezentovali sykoram ¢ernohlavym 13 druh( sov
a dravcU, ktefi sedéli na bidylku u jejich domovské voliéry. Vedle ptakl se v nékolika studiich
objevuji i Zivi psi (Goth 2001; Azevedo and Young 2006a,b), kocky (Naguib et al. 1999; Goth
2001; Sieving et al. 2010; Templeton et al. 2005), norci (Hakkarainen and Korpimaki 1994,
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Dessborn et al. 2012), fretky (Winkler 1992, 1994; Templeton et al. 2005) nebo krysy
(Schaller and Emlen 1962), ale tfeba i Zivi hadi (Suzuki 2011).

V naprosté vétsiné experimentl provadénych nejen v ramci studia rozpozndavani
predator(, ale i dalSich aspektl antipredacniho chovani byly pouZity misto predatord Zivych
jejich atrapy. V ptipadé predatoru ptacich se vétSinou jednalo o vycpaniny v pozici vzpfimené
sedicich jedincl, u nichZz nepulsobi nepfirozené absence pohybu. Vyjimkou jsou studie
pouzivajici letici vycpaniny s roztazenymi kridly, vétSinou taZzené na dratu (napr. Gentle and
Gosler 2001; van den Hout et al. 2006, 2010; Mathot et al. 2009). S vycpaninami pracovaly i
necetné studie zamérené na predatory savci (Tab.).

Vycpaniny plné vyhovuji pro vyzkum schopnosti ptak( rozpozndvat predatory.
Vyzkum samotnych rozpoznavacich procest, vSak vyZaduje manipulaci znaku, které
predkladani predatofi pro rozpoznavani nabizeji. Jeji moznosti jsou ale, predevsim u ptacich
vycpanin, pomérné omezené. Presto byly vycpaniny k tomuto Gcelu vyuzivany (Edwards et
al. 1950; Curio 1975; Scaife 1976; Smith and Graves 1978; Gill et al. 1997; Davies and
Welbergen 2008; Tvardikova and Fuchs 2010; Trnka et al. 2012). Optimalnim feSenim se zda
byt jejich nahrazeni modely (Tab.). Ty navic fesi Spatnou dostupnost kvalitnich vycpanin. To
byl ziejmé také dlvod, pro¢ modely pouzily i studie, které s jednotlivymi znaky
nemanipulovaly (Tab.).

Pouziti modell a v mensi mife i vycpanin ovSem pfindsi problém s jejich
vérohodnosti. VySe uvedené studie jej vétSinou nereSily a spokojily se s tim, Ze testovani
ptaci na predkladané atrapy obvykle reagovali. Nékolik praci porovnavalo, nakolik Uspésné
nahrazuji vycpaniny Zivé predatory (Curio 1975; Shalter 1978; East 1981; Blancher and
Roberson 1982; Shedd 1982; Knight and Temple 1986a; Meilvang et al. 1997), nicméné
testovani efektivity modell bylo provedeno pouze jednou (Némec et al. 2015). Srovnani
vycpanin a modelli zhotovenych z textilu a plastu ukazalo, Ze snizena vérohodnost reakci
testovanych ptakd ovlivnit maze. Pozornost je tfeba vénovat predevSim povrchovému
materialu. Nejméné problém( zfejmé zpusobuje diky snadno napodobitelnému povrchu téla
pouziti plastickych modell v ptipadé hadl (Patterson et al. 1980; Kleindorfer et al. 1996,
2005; Goth 2001).

V laboratornich podminkach se jako dalSi moznost samozfejmé nabizi prezentace
statickych obrazl, nebo i videi, obvykle na monitoru (Kratzig 1940; Nice and Ter Pelkwyk
1941; Evans et al. 199343, b). Ta ovSem pfindsi dalsi potencidlni zdroj obtizi — 2D zobrazeni.
Otazku, nakolik ptaci vnimaji 2D stimuly jako redlné, tesi jiz desitky let behaviordlni
psychologie, avsak bez jednoznaénych zavéri (review Weisman & Spetch 2010).

Jak jiz bylo zminéno, je spoleénym nedostatkem béznych vycpanin i modeld absence
pohybu. Ndpadné je to predevsim v pripadé savcich, ale i plazich predator(i (Bazant 2009;
Dessborn et al. 2012). Nékteré studie jim proto predkladané predatory vybavily
(Frankenberg 1981; Gentle and Gosler 2001; Cockrem and Silverin 2002; van den Hout et al.
2006, 2010; Mathot et al. 2009; Dessborn et al. 2012). Efekt takovéto Upravy ale nebyl
testovan.
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1.3. Detekce rozpoznani predatort

Pokud zkousime ze znalosti predator(i (a ostatnich Zivocichll) studenty, nemusime se
problematikou, jaké indikatory signalizuji, Ze je student poznal, zabyvat. Mame pro
jednotlivé druhy i vyssi taxony vytvorena vice ¢i méné obecné pfijimana jména, které po
studentech samoziejmé vyzadujeme. Nicméné to neznamena, Ze student, ktery, napfiklad
postolku, neumi pojmenovat, ji opravdu neznd. Mohla vyhnizdit na balkéné jeho kolejniho
pokoje, kde ji pravidelné vidal, neobtézoval se ale dohledat jeji konvencéni jméno.

V situaci zkousejiciho se ocitdme i tehdy, kdyz se snazime zjistit, zda testovani ptaci
znaji predatory, které jim predkladame. S jednou ¢astecnou vyjimkou, ktera bude popsana
pozdéji, nemame ovsem k dispozici jména, na ktera bychom se jich mohli tazat. Musime se
tedy pokusit ziskat odpovéd z jejich reakci v pribéhu setkdni s predatorem. Tato reakce
muze byt bud behavioralni, nebo fyziologicka. Pfredpokladdme pfi tom, Ze pokud testovany
ptak predatora rozpoznd, bude na néj reagovat a Ze podoba této reakce bude zaviset na
velikosti a povaze nebezpedi, které pro néj predator predstavuje (MaclLean and Rhodes 1991,
Caro 2005).

Tyto predpoklady nejsou ovsem samoziejmé, coz je nutno mit trvale na paméti.
Pokud testovany ptak vyhodnoti aktudlni nebezpedi jako zanedbatelné, nebude reagovat
vibec. A v pripadé, Ze vyhodnoti nebezpeci hrozici od rGznych predatorl jako shodné,
nebude se reakce na né lisit. Ani v jednom z obou pripad( to ale neznamen3, Ze predatory
nerozpoznal. Z toho mimo jiné plyne, Ze ¢im bude nebezpeci hrozici od predkladanych
predator(i podobnéjsi, tim mensi Sanci mame prokazat, Ze je testovani ptdci rozlisuji. Je tedy
zfejmé, Ze pro vyzkum rozpoznavani predatord plati nedprosnéji nez pro jind témata reSena
behavioralnimi védami, Ze pokud se nepodafi falsifikovat nulové hypotézy, nelze z toho
vyvozovat zZadné zavéry.

1.3.1. Behavioralni doklady

Naprostd vétSina studii zabyvajicich se rozpozndvanim preddator(i vyuziva behavioralni
odpovéd testovanych ptdkl na redlné ¢i simulované nebezpedi (Tab.). Nepochybné je tomu
tak z metodickych davodd, nebot nase mozZnosti zaznamenat fyziologickou odpovéd jsou,
predevsim v terénnich experimentech velmi omezené (napf. mnozstvi tuku u konader na
krmitku - Gentle and Gosler 2001).

Jak jiz bylo uvedeno na nékolika mistech, je preferovanym antipredaénim chovanim
vyhnout se stfetu s predatorem (Caro 2005). Ve vétsiné typl experimentl se snazime ptaky
dostat do situace, kdy tuto volbu nepoutziji, bud’ proto, Ze daji pfednost obrané hnizda ¢i
ziskani potravy, nebo proto, Ze jim v tom fyzicky zabranime. V poslednim pfipadé nema
testovany ptdk moznost volby a musi se s blizkosti predatora ,smifit“. To ovSem muze vést k
tomu, Ze jeho chovani nebude adekvatni hrozicimu nebezpedi, nebot neni na takovou situaci
pfipraven (Van Dongen et al. 2001).

Snaha vyhnout se predatorovi byva velmi dasto sledovanym ukazatelem v
laboratornich experimentech. Reakci, kterda ma zamezit objeveni predatorem je tzv. freezing.
Dobre ji Ize sledovat predevsim u vétSich ptakd, jako jsou hrabavi a vrubozobi (Kratzig 1940;
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Melvin and Cloar 1969; Klump and Curio 1983; G6th 2001; Kullberg and Lind 2002; Zaccaroni
et al. 2007; Binazzi et al. 2011; Dessborn et al. 2012; Schetini de Azevedo et al. 2012). V fadé
studii jsou hodnoceny také pokusy o uték, které se oviem obtizné kvantifikuji (Lorenz 1939;
Melzack et al. 1959; Schaller and Emlen 1962; Green et al. 1968; Canty and Gould 1995; Géth
2001; Palleroni et al. 2005; Zaccaroni et al. 2007; Cresswell et al. 2009; Binazzi et al. 2011;
Dessborn et al. 2012; Schetini de Azevedo et al. 2012). Jednoznacnost Utékovych reakci
zvysime, pokud testovanym ptdkim nabidneme ukryt (Lorenz 1939; Kratzig 1940; Melzack et
al. 1959; Green et al. 1968; Canty and Gould 1995; Palleroni et al. 2005).

Dobie kvantifikovatelnym parametrem muze byt vzdalenost od predatora, v niz se
testovany ptak zdrZzuje po dobu experimentu (Scaife 1976; Berankova et al. 2014). Ta je ¢asto
sledovdna v experimentech zaloZenych na obrané hnizd (Barash 1975; Hauser and
Wrangham 1990; Burhans 2000; Kleindorfer et al. 1996; Csermely et al. 2006; Rodriguez-
Prieto et al. 2009) a ojedinéle i v krmitkovych experimentech (Hauser and Caffrey 1994;
Soard and Ritchison 2009). V obou pfipadech se jedna o jeden z vyznamnych parametr(
ochoty riskovat.

V hnizdnich i krmitkovych experimentech jsou testovani ptdci vystaveni situaci, kdy
musi volit mezi vyhnutim se predatorovi a jinym, Zadoucim chovanim. V pfipadé krmitkovych
experimentl resi trade-off mezi rizikem predace a ziskem z nabizené potravy. Jak jiz bylo
zminéno vyse, miru rizika i zisku ovliviiuje celd fada faktord (Abrahams and Dill 1989), které
ptaci pfi rozhodovani zohlednuji, respektive méli by zohlednovat, nicméné vysledek je na
urovni jedince jednoznacny, krmitko bud navstivi, nebo nenavstivi. Pokud se tedy ve
srovnani s kontrolou pocdet ndvstév krmitka s predatorem snizi, znamend to, Ze jej ptaci
rozpoznali, a pokud se pocet navstév krmitka s rlznymi predatory lisi, znamena to, Ze je ptéci
rozliSovali. Jedna otazka nicméné zlstava. Sméruje k ptakim, ktefi krmitko navstivili.

Navstéva krmitka mGze mit dvé priciny: rozhodli se podstoupit riziko, nebo predatora,
na rozdil od ostatnich, nepoznali, coZ je, zajimame-li se o jejich kognitivni schopnosti, dosti
zasadni rozdil. Jak ukazali Tvardikovd a Fuchs (2011), i na tuto otazku muze vhodné
usporadany experiment odpovédét. V pripadé, Zze méli sykory na vybér mezi krmitkem s
postolkou a krmitkem s holubem, byl pocet ptakud pfilétajicich k posStolce minimalni, zvysil se
vSak nasobné, pokud byl na druhém krmitku misto holuba umistén krahujec. Tento pfrirGstek
Ize jednoznacné pfripsat ptakim, ktefi postolku znali a pfrilétli do jeji blizkosti, jen tehdy
predstavovala-li mensi riziko.

Na prvy pohled je jednoduchd i volba ptakd v hnizdnich experimentech. Ti fesi trade-
off mezi rizikem predace a ziskem ze zachrany potomstva (Cordero and Senar 1990; Sordahl
1990). Ve skutecnosti ale pfi obrané hnizd existuje riziko dvoji - pro potomstvo a pro rodice
(Montgomerie and Weatherhead 1988; Rytkonen et al. 1990; Forbes et al. 1994; Campobello
and Sealy 2010). Prvé z nich ochotu investovat do obrany zvysuje, druhé naopak snizuje.
Vedle toho ziejmé branici ptaci zohledfuji i svoji Sanci na Uspéch (Lemmetyinen 1971; Knight
and Temple 1986¢; Burger and Gochfeld 1992; Winkler 1992; Olendorf and Robinson 2000).
Neuspésna obrana muzZe totiz naopak pravdépodobnost predace zvysit (Gill et al. 1997b).
Spravna predikce toho, jak intenzivné budou ptdci hnizdo brdanit proti konkrétnimu
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predatorovi je proto obtiznd (Knight and Temple 1986a; Weatherhead 1989). Pro vyzkum
rozpoznavani predatora to vSak nemusi byt zavaznou prekazkou, dllezité je predevsim, aby
byli prezentovani predatofi hodnoceni branicimi ptdky odlisné. Jisty problém ale nastava,
pokud se branici ptaci rozhodnou na aktivni obranu zcela rezignovat (Neudorf and Sealy
1992; Burhans 2000, Strnad et al. 2012). Takovyto vysledek lze jen velmi obtizné odlisit od
toho, Ze nepovaZuji daného predatora za nebezpeci, respektive Ze ho nerozpozndvaji (Syrova
et al. 2016).

1.3.1.1. Mobbing

Zatimco v krmitkovych experimentech je odpovéd ptakd na simulované riziko predace velmi
jednoduchd, antipredacéni chovani pouZivané pti obrané hnizd se vyznacuje vysokou mirou
komplexnosti. V literature se pro né vzil termin mobbing (Hartley 1950). Zahrnuje veskeré
prvky chovani, jejichz funkci je odradit predatora od napadeni hnizda, ale také varovat
jedince vlastniho i cizich druhl nachazejici se v okoli mista stretu, predevsim ovsem mladata
na hnizdé (Curio et al. 1978; Templeton and Greene 2007; Magrath et al. 2010). Mobbing ma
mnoho podob od pouhé pfitomnosti rodicl v blizkosti predatora (Curio and Onnebrink 1995;
Deppe et al. 2003; Hogstad 2005; Welbergen and Davies 2008, 2011), pres vydavani
varovnych hlasd (Knight and Temple 1988; Stone and Trost 1991; Bazin and Sealy 1993;
Ficken et al. 1994; Nealen and Breitwisch 1997; Burhans 2001) az po fyzické napadani
(Shields 1984; Winkler 1994; Strnad et al. 2012, Némec and Fuchs 2014) nebo odvadeéni
pozornosti od hnizda (Gochfeld 1984; Byrkjedal 1987; Sordahl 2009).

Mobbing byva rozdélovan na pasivni a aktivni (Curio 1976; Harvey and Greenwood
1978; Conover 1987; Caro 2005). Pasivni mobbing zahrnuje pobyt rodici v blizkosti
predatora a vokalizaci, tedy aktivity, pti nichZ je podstupované riziko pomérné malé. Pobyt v
blizkosti predatora doprovazeji specifické postoje téla, jako jsou Eepyreni, pohyby ocasem
nebo kfidly a podfepovani (Ash 1970; Kumar 2003; Griffin et al. 2005). K pasivnimu
mobbingu lze fadit i formovani hejnek a létani v kruzich okolo predatora (Shields 1984;
Conover 1987). Aktivni mobbing zahrnuje fyzické obtézovani a napadani predatora (Shields
1984; Winkler 1994; Strnad et al. 2012, Némec and Fuchs 2014), pti kterém branici rodice
podstupuji velké riziko zranéni ¢i smrti (Brunton 1986; Curio and Regelmann 1986; Poiani
and Yorke 1989; Sordahl 1990). Pokud jsou ale pfimérené fyzicky disponovani, mlze byt
aktivni mobbing velmi efektivni.

Vétsina prvkl chovani s mobbingem spojenda je pomérné napadnd a tedy relativné
snadno méfitelna. V pripadé mobbingu aktivniho Ize kvantifikovat pocet utoku, které rodice
provedou. Existuje pritom nékolik stupnd aktivniho mobbingu, které je mozno hodnotit
samostatné, od priblizeni se do definované vzdalenosti, pfes prelety nad predatorem az po
nalety se snizenim vysky anebo pfimo s fyzickym napadenim preddatora (Ash 1970; Curio
1975; Kruuk 1976; Shields 1984; McLean et al. 1986). V ptipadé mobbingu pasivniho byva
mérena doba, kterou rodice stravi v urcité vzdalenosti od predatora, pocet provedenych
varovani a typickych postoju nebo preletl v okoli predatora (Curio and Onnebrink 1995;
Deppe et al. 2003; Hogstad 2005; Welbergen and Davies 2008, 2011). Pasivni mobbing je
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komplexnéjsi chovani nez mobbing aktivni a proto byvaji pti jeho hodnoceni vyuZivany
indexy (Schaller and Emlen 1962; Kleindorfer et al. 2005; Avilés and Parejo 2006; Honza et al.
2006; Liang and Mgller 2015) nebo mnohorozmérné statistické metody, jako je analyza
hlavnich komponent (Berdnkova et al. 2014) s cilem redukovat pocet analyzovanych
proménnych.

V pfipadé obou typl mobbingu mizZe byt ucelné odliSovat jeho intenzitu, kterou lze
mérit celkovym poctem utokl ¢i celkovou dobou zajmu, od riskantnosti, o které vypovida
mira agresivity Gtokd ¢i prdmérnd vzdalenost od predatora. Napriklad ftuhyci v
experimentech Strnada et al. (2012) utocili na vétsSinu predloZzenych predatord s obdobnou
intenzitou, agresivita Utok( ale klesala s rostouci nebezpecénosti predatort pro rodice.

V klecovych experimentech se sykorami bylo moZné pozorovat pouze urcité prvky
pasivniho mobbingu — ¢epyreni, varovnou vokalizaci, podiepovani a tfepani kridly (Kullberg
and Lind 2002, Berankova et al. 2014). Vedle nich se ale béiné vyskytovaly i prvky
exploracniho a potravniho chovani. Pro hodnoceni bylo proto nutno vyuZit analyzu hlavnich
komponent, ktera ukdzala tfi zakladni postoje zaujimané v(ci preddatorovi - strach, exploraci
a nezajem.

S pasivnim mobbingem se lze setkat i pfi krmitkovych experimentech. K jeho vyuziti
pro hodnoceni chovani testovanych ptakd vici predkldadanym predatoriim vsak dosud
nedoslo. Je to zifejmé zplsobeno predevsim tim, Ze aktivity probihajici v pomérné Sirokém
okoli krmitka nelze jednoduse zaznamenavat. Navic je mobbing v okoli krmitek méné casty
respektive méné intenzivni, neZ bychom ocekdvali, zfejmé& proto Ze vyhnuti se
nebezpecnému potravnimu zdroji je pro ptdky méné nevyhodné neZ rezignace na obranu
potomstva.

1.3.1.2. Varovani

Jak jiz bylo uvedeno, jednou z funkci mobbingu je varovani vlastniho i cizich druhi
nachazejici se v okoli mista stfetu (Curio 1976). Slouzi k tomu predevsim specifickd skupina
zvukovych signalli, nazyvanych varovné hlasy (Naguib et al. 2009). Je zfejmé, Ze se jejich
ucinnost zvysi, pokud budou obsahovat informaci o povaze hroziciho nebezpeci. Neni tedy
Uplné pravda, Ze nam ptaci nemohou poskytnout pfimou informaci o tom, jak rozlisuji
predatory, s nimiz se setkavaji. Otazkou je pouze presnost této informace.

Opakované bylo doloZeno, Ze ptaci ve varovnych signalech odlisuji velké skupiny
predator(, lisici se svymi loveckymi schopnostmi, konkrétné ptaky a hady (Sieving et al.
2010; Suzuki 2011, 2012), pozemni a vzdusné predatory (Knight and Temple 1988;
Kleindorfer et al. 1996, Walters 1990). Informace o jednotlivych skupinach predatord muize
byt pfeddvana zcela odliSnymi signaly (Knight and Temple 1988; Griesser 2008, 2009; Sieving
et al. 2010), Castéji ale zménami kvantitativnich parametr(i obecné uzivaného zakladniho
signalu. Ty mohou zahrnovat rozdilné pocty varovnych hlasi vydanych za jednotku casu
(Evans et al. 1993a; Burhans 2001; Rainey et al. 2004) rozdilné pocty jednotlivych slabik v
ramci jednoho varovného hlasu (Walters 1990; Naguib et al. 2009; Binazzi et al. 2011) nebo i
rozdilné délky a frekvence jednotlivych slabik (Stone and Trost 1991; Ficken et al. 1994).
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Mimoradné podrobné informace ziejmé predavaji ve svych varovnych hlasech druhy
vytvarejici neanonymni society. Prvni doklady pochazeji od polopoustnich timalii Turdoides
squamiceps (Naguib 1999), nejpodrobnéji vsak tato problematika byla studovana na
severoamerickych sykorach Poecile atricapillus. Ty vydavaji dva hlavni typy varovnych hlas(:
tiché “seet” uzivané, kdyz dravec pobliz leti, a hlasité Sirokospektré “chick-a-dee”
upozornujici na sediciho preddtora. Prvni hlas zpUsobuje, Ze se ostatni sykory ukryji do
porostu, na druhy hlas reaguji spoleénym mobbingem (Ficken et al. 1978; Smith 1991;
Templeton and Greene 2007). Specialitou sykor Poecile atricapillus je variabilita druhého
typu varovného hlasu. Cim aktualnéjsi a intenzivné&jsi nebezpedi predator predstavuje, tim vic
slabik “chick” se v ném objevuje. Prodlouzend zdvérecna slabika “dee” vyvolava intenzivné;jsi
skupinovy mobbing (Baker and Becker 2002), pocet ,dee” slabik informuje o velikosti
predatora (Templeton et al. 2005). Rychlejsi opakovani celého volani “chick-a-dee”
upozoriiuje na jeho kratSi vzddlenost (Baker and Becker 2002). Souvislost mimoradné
komplexity varovnych hlast sykory Poecile atricapillus s jeji socialitou podporuje mnohem
chudsi rejsttik varovnych hlas téch druh( sykor, které vytvareji pouze nestabilni anonymni
hejna (Lind et al. 2005; Courter and Ritchison 2010).

Stdvajici znalosti nepochybné dokladaji, Ze varovné hlasy poskytuji vice ¢i méné
podrobné pfimé informace o tom, zda ptaci rozliSuji predatory, se kterymi se setkdvaji.
Zaroven vsak ukazuji na jedno uskali komplikujici interpretaci této informace. Varovné hlasy
pfinaseji informaci nejen o samotném preddatorovi ale i okolnostech jeho vyskytu, napftiklad
vzdalenosti (Templeton et al. 2005). Ani varovné hlasy tedy nepredstavuji idedlni doklad
rozpoznani predatora, ktery by bylo mozno upfednostfiovat pred ostatnimi.

1.3.2. Fyziologické doklady

Stfetnuti s predatorem nepochybné predstavuje pro potencidlni kofist stresujici udalost a
stress ovliviiuje celou fadu fyziologickych parametr( (napf. Orchinik 1998). Zddlo by se tedy,
Ze jsou fyziologické ukazatele predurceny ke studiu reakci ptak( na stretnuti s predatorem.
Navic lze predpokladat, Zze budou méné ovlivnény dalSimi okolnostmi, nebot jsou pfimou
odpovédi organismu na stresujici podnét (Scheuerlein et al. 2001).

Presto byly pfi vyzkumu rozpoznavani predatorli vyuzity pomérné vzacné (Tab.).
PFi¢iny jsou zfejmé a spoéivaji v obtiziné fesitelnych metodickych problémech. Castéji se
uplatnily jen nepfimé ukazatele stresové zatéze, jako je télesna hmotnost (Adriansen et al.
1998; van der Veen 1999; Bautista and Lane 2000; van den Hout et al. 2006, 2010) nebo
tvorba prsni svaloviny (van den Hout et al. 2006, 2010) a tukovych zasob (Pravosudov and
Grubb 1998; Gentle and Gosler 2001; Scheuerlein et al. 2001).

Z ptimo méritelnych projevl stresové zatéze organismu se jako nejsnaze pouzitelné
jevi méreni tepové frekvence (review Butler et al. 2004), které bylo na ptacich poutzito jiz
prekvapivé davno (Owen 1969). Aby je vSak bylo moZné provadét v terénnich a voliérovych
experimentech, které v soucasnosti pfi vyzkumu rozpoznavani predatort prevladaji, musely
by snimace tepové frekvence splfiovat narocné pozadavky, predevsim malé rozméry (pracuje
se nejcastéji s pévci), coZ je zatim hlavni komplikace. Nejstarsi studie vyuZivaly snimac zvuku
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nalepeny na prsou ptaka, ktery zesiloval hlasitost srde¢niho tepu (Mueller and Parker 1980,
Moore and Mueller 1982), pozdéji se vyuzivaly snimace elektrické aktivity srdce (EKG)
implantované do bfisni dutiny ptaka, a to jak v laboratornich (McPhail and Jones 1998), tak
terénnich podminkach (Ely et al. 1999; Ackerman et al 2004), ovSem nikoliv na pévcich.
Nicméné chirurgicky zakrok predstavuje riziko ovlivnéni pfirozeného chovani ptaka.

Nové Ize pouzit EKG pfipevnéné na zddech ptaka (Enstipp et al. 1999; Storch et al.
1999). Nicméné toto zafizeni je stale vhodné jen pro vétsi druhy ptakl (kormorani). Neddvno
byla vyvinuta elegantni neinvazivni metoda aplikovatelnd i na drobné pévce, kdy je snimac
tepu umistén do falesnych vajec (Arnold et al. 2011). Tato metoda se ale samoziejmé pro
studium rozpoznavani predatord také vyuZit neda. Velikostné by vyhovovaly snimace tepu
uréené pro pokusy s drobnymi savci (napf. Gilson and Kraitchman 2007) které ovsem
predpokladaji pohyb v omezeném prostoru ¢i dokonce jen po monitorovaci podloZzce (Harkin
et al. 2002). Budoucnost pravdépodobné tkvi v pouziti EKG upevnénych na povrch téla ptaka
(Johnson-Delaney 2003) nicméné jejich prevedeni do miniaturnich a terénné pouzitelnych
forem zatim neni dofeseno.

Lakavou moznost nabizi méreni hladiny stresovych hormon( (Cook 2012; Johnstone
et al. 2012). V poslednich 20 letech se pomérné rychle rozviji stanoveni jejich metabolitl z
trusu (Lane 2006). Nehledé na pravdépodobné odstranitelné problémy s presnosti metody
jako jsou fluktuace v prabéhu dne (Carere et al. 2003) a sezdény (Astheimer et al. 1994), ale i
zavislost na pohlavi, potravé a individualité (Goymann 2012), z(istdva otdzkou, zda je vhodna
pro zachyceni kratkodobych stresovych udalosti, mezi které patfi i stfetnuti s predatorem.
Vztah mezi intenzitou stresu a hladinou metabolitl totiz nemusi byt jednoduchy (napf.
Chavez-Zicchinelli et al. 2014 and Albano et al. 2015). Stanoveni dlouhodobé respektive
opakované stresové zatéze nicméné moziné je a pfindsi i vysledky s uritym vztahem k
tématice antipredacniho chovani (Ylonen et al. 2006). Nové se navic objevuje moznost
stanoveni metabolit(i stresovych hormon z pefti (Jenni-Eiermann et al. 2015).

Druhou moZnosti je pfimé stanoveni (Breuner et al. 2013). Zde je kromé pfirozené
variabilty mezi jedinci (Cockrem 2013) hlavnim zdrojem problém( velmi rychld odezva na
stresujici podnét (Deviche et al. 2012). Hormony je nutno stanovit co nejrychleji a vyhnout se
pfitom tomu, aby jejich hladinu ovlivnil samotny odbér (Van Hout et al. 2010). To lze v
terénnich experimentech jen stézi splnit a ani v laboratofti to neni jednoduché (Canoine et al.
2002). Proto byly hladiny stresovych hormoni pouzity v terénnich studiich predevsim v
situaci, kdy ptéci byli vystaveni predatorovi dlouhodobé. Scheuerlein et al. (2001) prokazali,
Ze brambornicci ¢ernohlavi hnizdici v teritoriu predatora maji vyssi hladiny kortikosteroid( v
plasmé. Obdobné Clinchi et al. (2011) ukazali, Ze strnadi Melospiza melodia maji vyssi
koncentrace glukokortikoid(, pokud byl v jejich teriroriu zaznamenan vyssi predacni tlak.
Nékteré prace (Dufty and Crandall 2005; Tilgar et al. 2010) také ukazaly, Ze pta¢i mladata
maji zvySené hladiny stresovych hormon( poté, co jsou jim po urcitou dobu prehravany
varovné hlasy. Vliv predatora na okamzitou hladinu kortikosteroidd v krvi testovali Canoine
et al. (2002). Ru¢né odchovani brambornicci cernohlavi byli konfrontovani se tremi
stresovymi zatézemi. Vysledky ukazaly, Ze okamZitda (do 30 minut po pokusu) hladina
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kortikosteroid( v plasmé byla nejvyssi, kdyZ byli ptaci vystaveni pritomnosti Zivého pustika
obecného, mensi kdyz byli umisténi do klece, a jeSté mensi, kdyZz byli ponechani v tmavém
pytliku.

Pfes veskeré vysSe uvedené prekazky je ale nepochybné, Ze vyuZiti fyziologickych
predstavuje ldkavou cestu. Pfedevsim by umoZnilo vyporddat se se situaci, kdy testovany
ptak rezignuje na zretelnou behavioralni odpovéd na predacéni ohrozeni.

2. Doklady schopnosti rozpoznavat predatory

Studujeme-li schopnost ptakl rozpoznavat preddtory, musime si predevSim ujasnit, jak
presné rozpoznani nds zajima. Je to stejné, jako bychom u déti zjistovali jejich schopnost
rozpoznavat automobily. Mohou rozpoznavat automobily jako takové, automobily osobni a
nakladni, osobni Volkswageny a Mercedesy, ale i Volkswageny Passat a Volkswageny Golf.

Obdobné urovné presnosti rozpozndvani bychom se méli pokusit vymezit i tehdy,
zabyvame-li se ptdky a predatory. Jak ale bylo uvedeno v prvni kapitole, nemUizZeme se
ovSsem ptdat na to, zda ptaci, napftiklad , Volkswageny“ a ,,Mercedesy”, rozpozndvaji, ale jen
zda je rozlisuji. Pro vymezeni Urovni presnosti rozliSovani se vsak nabizeji dvé rGzna kritéria.

Na prvni pohled by bylo logické fidit se podobnosti vzhledu Zivocichi, jejichz
rozliSovani studujeme. Narazime ovSem na problém, jak podobnost vzhledu kvantifikovat,
nebot soucasnd zoologie se touto problematikou, az na vyjimky, jakou je napfiklad studium
aposematismu (méreni reflektance pro kvantifikaci podobnosti zbarveni - napf. Cibulkova et
al. 2014) nebo hnizdniho parazitismu (méreni podobnosti vajec kukacky a hostitelll — napft.
Honza et al. 2014), témér nezabyva. Navic podobnost vzhledu nemusi byt kritériem toho,
zda rozliSovat ¢i ne, pro potencialni kofist. Jak jiz bylo uvedeno v prvni kapitole, nelze
pfedpokladat, Ze se testovani ptaci budou chovat odlisné k predatorim, ktefi se nelisi
loveckymi schopnostmi ani potravnimi preferencemi.

Pravé rozdily v mife nebezpecnosti predatori dané jejich loveckymi schopnostmi a
potravnimi preferencemi se tedy nabizeji jako kritérium alternativni, nebot by mély
potencialni kofist k rozliSovani mezi predatory motivovat. Navic jsme schopni nebezpecnost
jednotlivych druhl predatori pomérné presné stanovit, protoZze Udaje o jejich zplsobech
lovu i potravé jsou, byt v rGzné kvalité, k dispozici. Nevyhneme se ovSem opacnému
problému nez v pripadé podobnosti. Rozdily v nebezpecnosti predatord nemusi korelovat s
naroky spojenymi s jejich rozliSenim. Lze nalézt velmi podobné druhy, jejichZz nebezpecnost
se bude vyznamné lisit. Napfiklad z malych dravcl predstavuje pro drobné pévce vétsi
nebezpedi vertebratofagni postolka obecnd nez dosti podobna prevainé insektivorni
postolka jizni (cf. Cramp 1979).

Je tedy ziejmé, Ze pfi hodnoceni stavajicich znalosti o schopnosti ptakl rozpoznavat
respektive rozliSovat predatory, budeme muset zohlednit obé kritéria, tedy ptat se nakolik je
rozliSovani ucelné i nakolik je obtizné. Omezime se pfitom na Ctyfi Urovné: 1) rozliSovani
predatorll a neskodnych Zivocichl, 2) rozliSovani pozemnich a vzdusnych predatort, 3)
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rozliSovani vzdusnych predator( dospélct a hnizd, 4) rozliSovani jednotlivych druhl ptacich
predator lisicich se loveckymi schopnostmi a potravnimi preferencemi.

2.1. Predatofi vs. neskodni ptaci a dalsi ,,Zivocichové”

Schopnost rozliSit predatora od neSkodného ZivocCicha je nezbytnym predpokladem
efektivniho antipredacniho chovani, které mduzZe podstatnym zplsobem zvysit fitness
napadeného jedince (Caro 2005). Neni proto prekvapivé, Ze tato schopnost byla prokazana
nejen u ptakd (McLean and Rhodes 1991) ¢i savcu (MclLean et al. 1996), ale i bezobratlych
(napf. Cannicci et al. 2001, Aizaki and Yusa 2010). Neni proto prekvapivé, Ze z celkového
poctu 37 studii, které schopnost ptakd rozliSit predatory od neskodnych Zivocichl (ale i
jinych objektl) testovaly (Tab.), ji 34 v té ¢i oné podobé prokdazalo. Nejc¢astéji pracovaly s
vizualnimi stimuly, at jiZz s vycpaninami, Zivymi zvifaty nebo modely (Tab.). Zdjem o stimuly
akustické byl mnohem mensi (Bautista and Lane 2000, Bump 1986, Hakkarainen et al. 2002,
Betts et al. 2005, Eggers et al. 2005, Peluc et al. 2008, Randler 2006) a olfaktorické stimuly
byly z pochopitelnych dlvodu testovany jen vyjimecné (Fluck et al. 1996, Hagelin et al. 2003,
Godard et al. 2007, Amo et al. 2008, Amo et al. 2015, Gérard et al. 2015), nicméné i ony
nékdy s pozitivnim vysledkem.

Mohlo by se tedy zdat, Ze je otazka schopnosti ptak( rozliSovat predatory od
neskodnych Zivocichl vcelku jednoznacné zodpovézena a nema smysl se ji dadle podrobnéji
zabyvat. Byla by to ale pravda jen v pfipadé, Ze by rozliSeni predatora od neskodného
zivocicha bylo vidy stejné obtizné. Tak tomu ale urcité neni. ObtiZznost ulohy ovliviuje
nepochybné predevsim mira odliSnosti vzhledu preddatora a kontroly. Je zjevné jednodussi
odlisit od holuba krahujce obecného nez sojku obecnou. To ale neni vSe, druhou stranu
problému predstavuje motivace k rozliSovani. Ta ma dvé slozky, nebezpeénost predatora,
danou jeho loveckymi schopnostmi a potravnimi preferencemi, a pravdépodobnost stfetu s
nim, danou predevsim jeho pocletnosti ale i biotopovymi naroky. Je nepochybné, Ze sykora
korladra je motivovana vice k rozliSovani specializovaného predatora drobnych ptaka,
krahujce obecného neZ specializovaného predatora drobnych savcd, postolky obecné.
Obdobné je stredoevropska sykora konadra motivovana vice k rozliSovani béiné se
vyskytujici postolky obecné nez velmi vzacné postolky rudonohé.

Pokusy provadéné s ptaky odchovanymi v zajeti bez moZnosti naucit se predatory
rozpoznavat ukazuji, Ze ptaci maji zirejmé urcité znalosti o existenci a podobé potencialnich
predatorl vrozené (Nice and Ter Pelkwyk 1941, Scaife 1976, Evans et al. 19933, Evans et al.
1993b, Goth 2001, Zaccaroni et al. 2007, Binazzi et al. 2011, Dessborn et al. 2012, Lorenz
1939, Melzack et al. 1959, Green et al. 1968, Melvin and Cloar 1969, Mueller and Parker
1980, Moore and Mueller 1982, Canty and Gould 1995, Fluck et al. 1996). Tento zavér
potvrzuji i nékteré prace zamérené na antipredacni reakce ptakl z izolovanych ostrovd, ktefi
se s predatory také nikdy nesetkali (McLean et al. 1999, Maloney and MclLean 1995, Peluc et
al. 2008). Tyto znalosti vsak zfejmé nejsou pfiliS detailni a zpfesnuji se v prabéhu Zivota
individualnim (napf. Griffin et al. 2001, Azevedo and Young 2006a) ale predevsim socidlnim
(napf. Griffin 2004, 2008, Cornell et al. 2012) ucenim. Dalsim faktorem, ktery ovliviiuje
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schopnost ptakd rozliSovat predatory od neskodnych Zivocichl, je tedy nepochybné
individudlni zkusenost.

Nejcastéji testovanymi ptacimi predatory byli pochopitelné dravci a sovy (Tab.). Z
prvé skupiny se uplatiovali predevsim jestfab a posStolka obecnd; z druhé pak kulisci
(Glaucidium spp.), vyr Bubo virginianus and vyreéek Megascops asio. Mezi zviraty, ktera
slouzila jako neSkodna kontrola, byla diverzita pouZitych druhi mnohem vétsi. Nejcasté;jsi
volbou byli rlizni mékkozobi - holubi (Columba livia f. domestica, C. oenas, C. palumbus) i
hrdlicky (Streptopelia turtur, S. decaocto, S. orientalis), kromé nich pak byli ¢asto pouzivani
také nejrliznéjsi druhy drozdl (Turdus philomelos, T. merula, T. pallidus, T. viscivorus, T.
pilaris — Tab.). Dravce i sovy charakterizuje pomérné uniformni vzhled a pfitomnost
napadnych, vice ¢i méné jedineCnych znakl (zahnuty zobak, paraty, nadocni kostény val,
zavoj). Neni tedy prekvapivé, Ze témér ve viech studiich testovani ptaci predatory a kontrolu
rozliSovali.

Druhou nejcastéji testovanou skupinou byli zastupci Celedi krkavcovitych (Corvus
cornix, C. corone, C. corax, C. frugilegus, C. brachyrhynchos, C. macrorhynchos, C. caurinus,
Pica pica, Cyanocitta cristata — Tab.), coZ jsou celosvétové jedni z nejvyznamnéjsich ptacich
predatorl hnizd. Na rozdil od dravcl a sov jsou krkavcoviti vzhledové pomérné variabilni a
navic jim, snad az na mohutny zobak, chybéji jedinecné charakteristické znaky. Na druhou
stranu, maji jednotlivé druhy obvykle ndpadné a dobfre rozlisitelné zbarveni. Prestoze
rozpoznavani krkavcovitych predstavuje na prvy pohled obtiznéjsi ukol, testovani ptdci je
dokdzali odlisit nejen od kontroly, ale i jednotlivé krkavcovité mezi sebou v zavislosti na jejich
nebezpecnosti.

Zajimavou skupinou z hlediska rozpoznavani jsou také hnizdni parazité. Nejedna se
sice o predatory, jejich dopad na fitness hostitelll je nicméné prinejmensim srovnatelny
(Rothstein 1990). Hnizdni parazité nedisponuji zadnymi obecnymi znaky, které by je
odliSovaly od neskodnych ptakd, jejich rozpoznavani by tedy mélo byt obtizné. Navic pfi ném
Ize jen omezené vyuZit individudlni uceni, nebot stfet s parazitem a jeho nasledky na sebe
bezprostfedné nenavazuji. Aktivni obrana proti hnizdnimu parazitovi mizZe byt nadto ¢asto
neucinna az kontraproduktivni, oproti tomu rozpoznani a odstranéni ciziho vejce je ¢asové i
energeticky nenarocné a pfi spravném rozliseni od vlastnich vajec i velmi efektivni metodou,
jak se hnizdnimu parazitismu branit (Rothstein 1990). Pfesto existuje nemalé mnozstvi praci,
které se problematikou rozpoznani hnizdniho parazita (a ne jen jeho vajec) zabyvaiji.
Nejcastéjsimi druhy hnizdnich parazitQ, jejichZ rozpoznani bylo testovano, je jednak evropska
kukacka obecna a z americkych druht pak vihovec Molothrus ater.

Stavajici znalosti o rozpoznavani pozemnich predatorli jsou mnohem skromnéjsi nez
u predatord vzdusnych (Tab.). Vcelku neprekvapivé byli nejéastéji testovani zastupci vice Ci
méné specializovanych skupin, tedy Selem a hadud (Tab.). Ty se zdsadné lisi jak variabilitou
svého vzhledu, tak pritomnosti znakd umozZnujicich odliSeni od neskodnych Zivocich(.
Zatimco vzhled had( je mimoradné uniformni a navic, pomineme-li beznohé jestéry, zcela
odlisny od ostatnich pozemnich obratlovct, Selmy jsou skupinou pomérné heterogenni a
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navic jim chybi napadné unikatni znaky, které by je jako celek odliSovali od neskodnych
savcQ.

Vétsina studii zamérenych na rozpoznavani Selem a hadli bohuzZel ve svém designu
opomiji kontrolu a o schopnosti rozpoznat preddtora se zpravidla usuzuje na zdakladé
pfitomnosti nebo nepfitomnosti aktivniho ¢i pasivniho mobbingu (Tab.). Pokud je kontrola v
pokusu pouZita je ji zpravidla bud neSkodny ptaci druh (Dessborn et al. 2012, Patterson et al.
1980, Elliot 1985, Halupka 1999, Stenhouse et al. 2005, Leger and Carroll 1981, Nealen and
Breitwisch 1997, Peluc et al. 2008, Griffin et al. 2005, Randler 2006) ¢i neZivy objekt
(Azevedo and Young 2006a,b, Schaller and Emlen 1962, Goth 2001, Schetini de Azevedo et
al. 2012, Knight and Temple 1988, McLean et al. 1999, Maloney and McLean 1995, Griffin et
al. 2005). Pouze vyjimecné slouzili jako kontrola néktefi savci, a to konkrétné kralik (Clode et
al. 2000, Schetini de Azevedo et al. 2012, Nice and Ter Pelkwyk 1941, Murphy 2006), skot
(Murphy 2006) a mravenecnik (Schetini de Azevedo et al. 2012). Takovyto pfistup vsak
neumoziuje zjistit, zda testovani ptdci skute¢né rozpoznaji Selmu, pfipadné hada, i zda
reaguji negativné na cokoliv, co Selmu nebo hada pouze vzdalené pripomina.

Zatimco ptaci dospélce lovi ze savcli témér vylucné Selmy, hnizda, zvlasté ta, kterd
jsou umisténa na zemi, ohrozuji i zastupci dalSich skupin, predevsim hlodavcl, ale i
hmyzozravcl. Schopnost jejich rozpozndni vSak byla testovana jen vyjimecné. Konkrétné se
jednd o dvé ndam znamé studie. Schaller and Emlen (1962) zjistili, Ze v zajeti odchovana
kurata nerozpoznaji nebezpeci v bilé laboratorni kryse, a Hobson et al. (1988) ukazali, Ze
lesnacek Setophaga petechia uUtoci na vycpanou veverku Sciurus carolinensis umisténou u
hnizda.

V pripadé savcll je pak také moziné testovat nejen rozpoznavani preddatora jako
vizualniho stimulu, ale i pripadnou reakci ptakl na jeho pach. Takovéto studie byly
provadény bud'v laboratornich podminkdach (Fluck et al. 1996, Hagelin et al. 2003, Amo et al.
2015, Gérard et al. 2015) nebo na hnizdé (Godard et al. 2007, Amo et al. 2008). Vysledky
téchto praci jsou vSak dosti nejednoznacné. Alkouni Aethia cristatella se vyhybali zapachu
skunka (Hagelin et al. 2003), hylové Carpodacus mexicanus pachu vacice Didelphis
marsupialis (Amo et al. 2015) a sykory modfinky reagovaly na pach fretky v blizkosti hnizda
(Amo et al. 2008). Avsak pouze ¢ast kurat reagovala na pach kocky (Fluck et al. 1996),
bufnaci Puffinus pacificus se nevyhybali pachu krysy (Gérard et al. 2015) a drozdi Sialia sialis
se navzdory predpokladidm nevyhybali hnizdnim budkdm s pachem krfecka Peromyscus
maniculatus (Godard et al. 2007).

Jak jiz bylo zminéno, schopnosti rozpoznavat predatory se u ptakd prinejmensim
zdokonaluji u¢enim (Griffin 2004). Presto existuje jen minimum studii, ve kterych by shodni
predatofi byli predloZeni naivnim a zkuSenym jedincdm téhoz druhu. V naprosté vétsiné jde
o prace zkoumajici schopnost rlizné dribeze (kufi, kachny, krocani) rozpoznavat predatora v
dravdi silueté (review Schleidt et al. 2011). Tyto studie vSak vzdy srovnavali ptaky odchované
v uzavienych mistnostech s ptaky z venkovnich voliér, jejichz zkuSenosti s predatory byly
prinejlepsim velmi omezené. Jedinou ndm znamou praci, kde byly srovnavany reakce ptaku
odchovanych v zajeti s ptaky odchycenymi ve volné pfirodé, je studie Kullberg and Lind
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(2002). V ni byla zkoumana schopnost sykor rozliSovat mezi vycpanym krahujcem a koroptvi.
Zatimco naivni jedinci ve véku 30 dni reagovaly na obé vycpaniny stejné, v pfirodé
odchycené (asi 4 mésice staré) sykory jiz mezi nimi rozliSovaly.

Do urcité miry nam o vyznamu uceni pfi rozliSovani mezi predatorem a nepredatorem
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predatory, nejcastéji na izolovanych ostrovech. Bylo napfiklad zjiSténo, Ze lejs¢ik Petroica
australis Zijici na malém ostrlvku nedokdZe rozlisit mezi lasici a papirovou krabici stejné
velikosti. Oproti tomu lejs¢ici z hlavnich novozélandskych ostrov(i, kde se lasice béiné
vyskytuji, reagovali na predklddané stimuly odliSné (Maloney and McLean 1995).

Naivni ptaci, oviem bez srovnani s ptaky zkusenymi, byli pouZiti i v fadé dalSich studii.
Konkrétné se jednalo o kura domaciho (Scaife 1976, Schaller and Emlen 1962), nandu Rhea
americana (Azevedo and Young 2006a,b; Schetini de Azevedo et al. 2012), tabona Alectura
lathami (Goth 2001), kachnu divokou (Dessborn et al. 2012) a kfepela Colinus virginianus
(Melvin and Cloar 1969). Vysledky téchto studii jsou vSak nejednoznacné. Kurata se bala
postolky (Scaife 1976), ale ne vyrecka z rodu Megascopus (Schaller and Emlen 1962). Nandu
nerozliSoval mezi kontrolou a rdznymi druhy savéich predatord (Azevedo and Young 2006a,b;
Schetini de Azevedo et al. 2012). Oproti tomu kachny a kfepelové predatory rozpozndvali
(Dessborn et al. 2012, Melvin and Cloar 1969). Z testovanych druh( byli v rozpoznavani
predatorl nejlepsi taboni. Ti nejenze rozliSovali mezi predatorem a neskodnym objektem,
ale na jednotlivé druhy predatori reagovali specificky podle druhu nebezpedi, které
pfedstavovaly (Goth 2001). Dlvod jejich Uspésnosti bez jakékoliv prfedchozi zkusSenosti je
nepochybné tfeba hledat v osobitém zplsobu rozmnoZovani tabonl. Ti jsou extrémné
precocialni, ihned po vylihnuti se musi spoléhat pouze na své vrozené schopnosti a na rozdil
od jinych druhl ptakd nemohou poditat s ochranou od rodic¢t ¢i moznosti ucit se od nich.

Kromé volby testovaného druhu a jeho zkuSenosti mlze vysledek experimentu
vyznamnym zpUsobem ovlivnit i pouzitd kontrola. Jako nejjistéjSi se jevi pouZziti hojného
neskodného zvirete (ptdka) velikosti srovnatelného s testovanymi predatory. V takovém
pfipadé se snizZuje riziko, Ze prezentovand kontrola bude u testovaného zvifete vyvoldvat
strach at uz z divodu neprimérené velikosti ¢i naptiklad neofobie.

Relativné casté (Tab.) je vyuZiti takzvané prazdné kontroly. Reakce na predatora se
pak v takovém pfipadé srovndava s chovanim ptaka v nepfitomnosti jakéhokoliv stimulu.
Takovéto experimentdlni uspofadani vSak neni Uplné optimdlni a neumozZiuje vyloudit
generalizovanou antipredacni odpovéd na jakéhokoliv ,vetrelce”, coz nepochybné snizuje
vypovédni hodnotu takovychto experiment(.

Jako problematické se také jevi pouziti nezZivych, obvykle umélych objektu. V pripadé
dravcich siluet slouzi jako kontrola rizné geometrické tvary odpovidajici velikosti (Kratzig
1940, Nice and Ter Pelkwyk 1941, Schleidt et al. 2011). V ostatnich pokusech pak byly jako
kontrola pouZity nejrizné;jsi predméty: plastova lahev (Fransson and Weber 1997, McLean et
al. 1999, Maloney and McLean 1995, Gentle and Gosler 2001), papirové Ci plastové krabicky
(Knight and Temple 1988, Maloney and McLean 1995, Griffin et al. 2005), Zidle (Azevedo and
Young 2006a,b; Schetini de Azevedo et al. 2012), papirové geometrické tvary (Géth 2001),
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drevény hranol (Baker and Becker 2002) ¢i détska hracka (Hinde 1960). Hrozi zde dvoji
nebezpedi. Objekty mohou byt pro testované ptaky zcela nezajimavé a ti na né budou
reagovat méné nez by reagovali na neSkodného ptaka. Nelze vsak ani vyloudit, Ze novy
napadny objekt, pfedevsim je-li umistény v blizkosti hnizda, vyvola neofobni reakci. Sordahl
(2009) zjistil, Ze k neznamym predmétim umisténym v blizkosti hnizda ptaci pfistupovali s
jistou mirou obezfetnosti, nicméné nikdy na né neutocili a jejich pfitomnost nebranila
hnizdicimu paru v navstévé hnizda.

Zajimavou, avsak nepfilis vyuZivanou, moznosti je pouZiti neSkodného, avsak pro
testované ptaky nezndmého (ptaciho) druhu (Tab.). Takovouto formu kontroly pouzili ve své
studii napfiklad Welbergen a Davies (2009), ktefi rdkosniku obecnému prezentovali
vycpanou kukacku a stejné velky model “generalizovaného” papouska (tmavé zelend svrchni
a svétle zelend spodni ¢ast téla). Veen et al. (2000) pak ve své praci na rakosniku
Acrocephalus sechellensis pouzili jako kontrolu vycpaninu sykory konadry, coZ je sice
existujici ptak, ale testovani rakosnici neméli nikdy mozZnost se s ni setkat. Pokud by
testovani ptaci v téchto studiich reagovali obdobnym antipredacnim chovanim na predatora
i na kontrolu, naznacovalo by to, Ze rozliSuji nejen predatory od neskodnych Zivocich( ale i
neznamé Zivocichy od znamych. Kategorie predatort ¢i lépe feceno nebezpecnych Zivocichu
by pak byla vymezena nikoliv pozitivné (ti co jsou nebezpecni) ale negativné (ti co nejsou
neskodni). Zadny takovy efekt se viak v dosud provadé&nych studiich nepotvrdil a zda se, 7e
ptaci maji spiSe obecnou predstavu, ¢eho se maji bat, a nezndmé stimuly spiSe ignoruiji.

2.2. Pozemni vs. vzdusni predatofri

Jak jiz bylo uvedeno, soustredilo se studium schopnosti rozpozndvat predatory predevsim na
predatory ptaci. Z toho plyne, Ze se jen nevelké mnoiZstvi praci zabyvalo rozliSovanim
predator(i vzdusnych a pozemnich (Tab.), pficemz se prevainé jednalo o experimentalni
studie. Nejéastéjsi byla srovnavana reakce na dravé ptaky a Selmy. Experimenty probihaly v
laboratornich podminkach (Evans et al. 1993a, Goth 2001, Zaccaroni et al. 2007, Binazzi et al.
2010, Sieving et al. 2010, Dessborn et al. 2012, Schetini de Azevedo et al. 2012), nebo na
hnizdé (Brown and Hoogland 1986, Knight and Temple 1988, Halupka 1999, Arroyo et al
2001, Kleindorfer et al. 2005), ale i v terénu (Naguib et al. 1999, Rainey et al. 2004, Yorzinski
and Vehrenkamp 2009). Necetné prace pak testovaly schopnost rozliSovat mezi Selmou a
krkavcovitymi ptaky ci racky (Elliot 1985, Bure$ and Pavel 2003, Stenhouse et al. 2005), jedna
mezi dravcem a hadem (Kleindorfer et al. 1996) a jedna dokonce mezi vrdnou a hadem
(Suzuki 2011). Vysledky téchto studii, az na nékteré vyjimky (Brown and Hoogland 1986,
Schetini de Azevedo et al. 2012) potvrzuji schopnost testovanych ptakd vzdusné a pozemni
predatory rozliSovat. Ve shodé s experimentdlnimi studiemi jsou i studie observaéni
(Byrkjedal 1987, Brunton 1990, Jacobsen and Ugelvik 1992, Amat and Masero 2004, Sordahl
2004, Murphy 2006).

Nejvice dlkazi o schopnosti ptak( rozliSovat mezi pozemnim a vzduSnym
predatorem ale poskytuji analyzy varovnych hlasd (Evans et al. 1993a, Knight and Temple
1988, Stone and Trost 1991, Suzuki 2011, Naguib et al. 1999, Rainey et al. 2004). Opakované
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v nich bylo prokazano, Ze varovani na tyto dva typy predatorl se od sebe liSi. Ptaci v
pfitomnosti vzdusnych a pozemnich predatord bud produkuji varovné hlasy s rGznou
intenzitou (Evans et al. 1993a Naguib et al. 1999, Rainey et al. 2004) ¢i délkou (Stone and
Trost 1991), pfipadné pouzivaji varovné hlasy naprosto odlisné (Knight and Temple 1988,
Suzuki 2011).

Otdzkou vsak je, zda ptdaci skutecné rozlisuji konkrétni predatory z téchto kategorii
nebo pouze smér hroziciho nebezpeéi. Metodika vétSiny studii zabyvajicich se
rozpoznavanim vzdusnych a pozemnich predatorli neumozriuje obé mozné pficiny rozdilu v
reakci odlisit, nebot soucasné testuje obé moznosti. Vzdusny predator byva zpravidla bud
prezentovan jen jako letici silueta nebo je umistén na vyvySeném posedu. Oproti tomu
pozemni predatofi jsou z logiky véci vidy umisténi na zemi. Hypotézu, Ze reakce zavisi spise
na sméru, odkud nebezpedi pfichdzi, nez na druhu predatora, podpofila jiz jedna z prvnich
studii na toto téma (Gyger et al. 1987), ktera analyzovala vokalizace kohoutl kura domaciho
chovanych ve venkovnich voliérach. V této praci byla sledovdna reakce na nejrlizné;jsi
pfirozené se vyskytujici objekty v okoli voliéry. ,,Ground alarm calls“ byly typickou reakci na
jakékoliv objekty pohybujici se po zemi, zatimco objekty pohybujici se ve vzduchu vyvoldvaly
produkci ,,aerial alarm calls”.

Zajimavé jsou i vysledky Kleindorfer et al. (2005), ktefi zjistili, Ze reakce tfi blizce
pribuznych druhl rakosnik( (Acrocephalu. melanopogon, A. scirpaceus and A. arundinaceus)
zavisi na pozici vlastniho hnizda. Pary, které méli hnizdo nizko nad zemi, vykazovali silngjsi
reakci vic¢i pozemnim predatordm (had; hranostaj). Oproti tomu ptaci s vysoko umisténymi
hnizdy byli agresivnéjsi vici vzdusnému predatorovi (pochop rakosni). Autofi z toho ovsem
vyvozuji, Ze ptaci pozemni a vzdusné predatory nejen rozlisuji, ale Ze ve své reakci zohlednuji
jejich aktualni nebezpecnost.

Potencialni zdroj chybnych interpretaci skryva také identifikace varovnych hlasu.
Palleroni et al. (2005) ukazuji, Ze rozdéleni varovnych hlas(i na ,ground” a ,,aerial“, m{ze byt
do znacné miry umélé a Ze ve skuteénosti tato varovani moina kéduji mnohem vice
informaci, nez jen smér nebezpeci. Samci i samice kura domaciho v jeho experimentech
produkovali ,aerial alarm calls” ¢astéji v reakci na velkého dravce, zatimco ,,ground alarm
calls“ reagovali spiSe na mensiho dravce. K obdobnym vysledkdm dospéli Templeton et al.
(2005), kteri testovali hlasovou reakci sykor Poecile atricapilla na razné velké vzdusné i
pozemni predatory. Varovani na jednotlivé preddatory se prikazné liSila poctem slabik,
vysvétlujici proménnou vsak nebyl typ predatora, ale pouze jeho velikost.

2.3. Predatofi hnizd vs. predatofi dospélcti

RozliSovani ptacich predatorl hnizd od ptacich predator( dospélcl bylo studovdno mnohem
Castéji nez rozliSovani predatord vzdusnych a pozemnich. Dlvodem ziejmé je, Ze se jednd o
schopnost, kterd miZe podstatnou mérou zvysit fitness hnizdicich ptakd a byla proto v
popredi zajmu behaviordlni ekologie (Tab.). Dravci a sovy obvykle predstavuji nebezpedi
predevsim pro rodice nebo vyvedena mlddata, zatimco vejce a mladata na hnizdé ohroZzuji z
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ptacich predatord zejména krkavcoviti, a, hlavné u ptakd hnizdicich v dutinach, také datloviti.
Zastupci obou skupin byly proto také nej¢astéji pouzivani v experimentech.

Ve shodé s predpoklady o vyhodnosti rozliSovani predator( hnizd a dospélcl jsou
vysledky observacnich i experimentalnich studii (Tab.). Ptaci na specializované predatory
hnizd obvykle reaguji intenzivnéji. Projevuje se to tak, Ze je napadaji Castéji Ci s vétsi
agresivitou (Strnad et al. 2012, Ash 1970, Curio 1975, Gottfried 1979, Patterson et al. 1980,
Elliot 1985, Halupka 1999, Hogstad 2005, Nijman 2004, Sordahl 2004). Mensi nebezpedi,
které od specializovanych predatort hnizd hrozi dospélym ptakim, se projevuje vétsi
ochotou riskovat. Branici ptaci se pfiblizuji na mensi vzdalenost (Curio and Onnebrink 1995)
¢i z(stavaji v blizkosti hnizda (Amat and Masero 2004). Je-li vSak odpovédi na pfitomnost
predatora snaha neupozornit na blizkost hnizda, chovaji se ptéaci vici predatordm hnizd
opatrnéji, napriklad vyrazné snizuji frekvenci krmeni (Ghalambor and Martin 2000).

Silnéjsi reakce na specializované predatory hnizd ale nemusi charakterizovat vSechny
ptaci druhy. Podle studie Ghalambor and Martin (2000) intenzita reakce zavisi na life-history
testovanych druhu. V jejich experimentech reagoval na predatora hnizd stfizlika Troglodytes
aedon silnéji jen brhlik Sitta carolinensis, zatimco v priméru déle Zijici druh Sitta canadensis
se choval opatrnéji v pfitomnosti predatora dospélcl (krahujec Accipiter striatus). Dulezitym
dokladem rozliSovani predator( hnizd od predatord dospélcli jsou také zmény v intenzité
obrany v pribéhu hnizdéni. Predatofri hnizd ohrozuji sndsky od samého pocatku a intenzita
obrany vici nim zGstava po celou dobu hnizdéni stejnd (Green et al. 1990). Oproti tomu
predatofi dospélch ohroZuji pfedevsim vyvedend mladata a intenzita obrany vici nim v
prabéhu hnizdéni vzristd (Green et al. 1990, Patterson et al. 1980, Halupka and Halupka
1997).

Specifickou skupinu ,predator(” hnizd predstavuji hnizdni parazité. Od ostatnich se
odlisuji zejména tim, Ze jsou nebezpecni pouze v kratké ¢asné fazi hnizdéni. To by se mélo
odrazit v odpovidajicim nadasovani antipredacniho chovani. Testovano bylo predevsim
rozpoznavani vlhovce Molothrus ater (Robertson and Norman 1977, Smith et al. 1984,
Folkers and Lowther 1985, Briskie and Sealy 1989, Hobson and Sealy 1989, Mark and
Stutchbury 1994, Gill et al. 1997, Nice and Ter Pelkwyk 1941, Neudorf and Sealy 1992, Bazin
and Sealy 1993, Gill and Sealy 1996, Burhans 2001, Gill and Sealy 2004, D’Orazio and
Neudorf 2008), ale i rGznych druht tropickych kukacek (Urodynamis taitensis - McLean 1987,
Chrysococcyx lucidus - Langmore et al. 2012, Clamator glandarius - Avilés and Parejo 2006,
Surniculus lugubris - Duckworth 1997). Ve vSech vySe zminénych pracich dokazali testovani
ptaci hnizdniho parazita rozpoznat a odpovidajicim zplisobem na néj reagovat, coz neni zas
tak prekvapivé, vzhledem k tomu, Ze Slo o druhy dobfe odliSitelné od predator( (i
neskodnych ptakd slouzicich jako kontrola.

Zcela osobitou problematikou je, také hojné testované, rozpoznavani kukacky
obecné. V mnoha pripadech bylo sice zjistovano pouze to, zda na ni ptéci reaguji (Edwards et
al. 1950, Moksnes et al. 1990, Bartol et al. 2002, Honza et al. 2006, Welbergen and Davies
2009) ¢i jeji rozliseni od napadné odliSného predatora (Campobello and Seally 2010, Yang et
al. 2014). Kromé toho vsak byla velkd pozornost vénovadna pravdépodobné nendhodné
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podobnosti jeji Sedé morfy s krahujcem obecnym, ktera je stejnd pro lidské i ptaci vidéni
(Stoddard 2012). Shoda zbarveni obou druhl je tak velkd, Ze byva kukacka povazovéna za
mimika krahujce (,,cuckoo-hawk mimicry hypothesis” - Welbergen and Davies 2008). | pres
relativné malé rozdily ve vzhledu jsou schopni kukacku a krahujce rozliSovat rakosnik velky
(Trnka and Prokop 2012), rakosnik obecny (Duckworth 1991, Welbergen and Davies 2008,
Welbergen and Davies 2011, Thorogood and Davies 2012), tuhyk obecny (Ash 1970) ci
budnicek vétsi (Edwards et al. 1950). Zajimavé srovnani pak prinaseji prace testujici ptaky,
ktefi nejsou hostiteli kukacky. Tyto prace zjistily, Ze ani sykory (Davies and Welbergen 2008)
ani vrabci (Trnka et al. 2015) nejsou schopni Sedou morfu kukacky a krahujce odlisit a na oba
reaguji se shodnou mirou strachu. Tyto vysledky jsou tedy presvédcivym dikazem, Ze se
ptaci mohou naucit rozliSovat i velmi podobné nepiatele, pokud k tomu maji dostate¢nou
motivaci.

2.4. RGzné druhy predatort z téZe ekologické gildy

Pocet praci studujici schopnost ptak(l rozliSovat jednotlivé druhy predator( z téZe ekologické
gildy neni Uplné maly (Tab.), nemaji vSak shodnou vypovédni hodnotu, nebot rozliSeni v nich
predkladanych nebo pozorovanych predator(i je rGzné naro¢né. Rada studii porovndava
reakce na predatory liSici se navzdjem velikosti (Tab.). Ti obvykle predstavuji pro urcitou
potencidlni kofist i odliSnou miru ohroZeni. Kazdy predator preferuje kofist optimalni
velikosti, kterou nejefektivnéji lovi a zpracovava. Zvlasté v pripadé ptacich predator(
optimalni velikost kofisti do znacné miry urcuje jejich vlastni velikost. MoZnost separovat
takto potravni niky byvad dokonce povazovana za pficinu vyrazného velikostniho pohlavniho
dimorfismu (Kruger 2005), napfiklad u nékterych zastupct rodl Accipiter ¢i Falco.

Pak se ovSsem nabizi moinost, Ze testovani ptaci nerozliSuji jednotlivé druhy
predator(, ale pravé jen jejich velikost. Plati to zejména pro vSechny studie zamérené na
variabilitu varovnych hlas, predevsim sykor. Jiz Apel (1985) zjistil, Ze prezentace atrapy of
krahujce Accipiter striatus vyvolava u sykory Poeciele atricapilla rychlejsi varovani nez atrapy
vétsich predatord. Toto zjisténi bylo nasledné potvrzeno a rozvedeno v nékolika voliérovych
studiich s timto druhem (Templeton et al. 2005), ale i dalSimi severoamerickymi sykorami
(Poecile carolinensis - Soard and Ritchison 2009, Baeolophus bicolor - Courter and Ritchison
2010). Sykory reagovaly na prezentované predatory rGznych velikostnich kategorii varovanim
“chick-a-dee” s rGznym poctem a typem slabik. Vétsi, pro drobné pévce méné nebezpecni
dravci, jako napriklad kané Buteo jamaicensis vyvoldvali varovani s vétsSim poctem Uvodnich
“chick” slabik a mensSim poctem slabik ,dee” zatimco mensi a pro drobné ptaky tedy
nebezpecnéjsi ptaci predatofi (napf. vyrecek Megascops asio) vyvolavaly varovani s malym
poctem nebo zcela bez slabik ,chick” avSak s prakazné vétsim poctem ,dee” slabik (Soard
and Ritchison 2009, Courter and Ritchison 2010). Jednoznacéné doklady o rozdilnych reakcich
na predatory shodné velikosti nicméné tyto studie neprinaseji. Nezda se tedy, Ze by varovani
americkych sykor prinaselo informace pfimo o druhu jimi objeveného predatora.

Podobné nejednoznacné se zdaji byt i nékteré experimenty zamérené na Sirsi okruh
reakci testovanych ptaka. Curio et al. (1983) umistoval rlizné Zivé dravce k hnizdnim dutindm
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sykor konader. Mobbing na jednotlivé druhy se liSil minimalni vzdalenosti, na kterou se
sykory odvazily pfiblizit. Nejdal se sykory drzely od krahujce obecného, naopak nejblize se
odvazili priblizit k pustiku obecnému. Sykory tedy byly pfinejmensim schopny rozlisit dravce
od sovy. To je ovsem jednodussi nez rozlisit mezi dvéma druhy dravcl ¢i sov, nebot neni
tfeba vyuzit druhové specifické znaky, napfiklad zbarveni. Sovy jako skupina se od dravc( lisi
celkovym tvarem téla, polohou oci ¢i zavojem okolo nich. Schopnost rozlisit dravce a sovy
byla prokazana také u sykory luzni (Kullberg 1998) a americké Baelophus bicolor (Sieving et
al. 2010) ¢i sojky zlovéstné (Griesser 2009). Studie Curio et al. (1983) nicméné také doklada,
Ze sykory konadry reaguji odlisSné i na dva rGzné druhy sov. Zatimco k jiz zmifiovanému
pustiku obecnému se odvazily relativné blizko, vétsi odstup si udrZzovaly od kuliska
nejmensiho. Pustik obecny neni vyrazné vétsi nez krahujec obecny, oproti tomu kuliSek je
nejmensi stfedoevropsky predator ptakd a jeho nebezpecnost by tak mohla byt podcenéna.
Na rozdil od pustika je ovsem kuliSek specializovanym predatorem drobnych ptakl, cemuz
odpovida i opatrné chovani sykor.

Schopnost rozliSovat dravce i sovy, liSici se navzdjem svou velikosti a zaroven i
nebezpecnosti pro testovany druh, byla prokdzana nejen u rliznych ptacich druhd, ale i v
raznych kontextech. Stejné jako vySe zminované sykory, reagovaly i sojky zlovéstné odliSnou
intenzitou mobbingu na atrapy rtzné nebezpecnych dravci a sov umisténych u krmitek
Griesser (2009). Nékolik dalSich praci pak prinasi stejna zjisténi pro rtzné ptaci druhy
studované v terénu a to jak pomoci prezentace atrap (Miller 1952, Altmann 1956, Nocera
and Ratcliffe 2009), tak i pouze na zakladé pozorovani spontannich stfetl s predatory
(Buitron 1983, Winkler 1992). Schopnost rozliSovat zbarvenim podobné dravce lisici se
napadné pouze velikosti byla potvrzena i v pokusech s v zajeti odchovanymi ptaky (Palleroni
et al. 2005). V této studii tfi cviceni zastupci rodu Accipiter, z rlznych velikostni kategorii
(maly Accipiter striatus; stfedné velky Accipiter cooperii a velky Accipiter gentilis) prelétali
nad vybéhem s volné se pohybujicimi slepicemi. Silnéjsi reakce, prikréeni se k zemi, se
objevovala nejéastéji v pritomnosti velkého dravce, zatimco projev ostrazitosti, vzpfimeny
postoj a nacepyreni se, byl ¢astéjsi odpovédi na prelet malého dravce. V ptfitomnosti stiredné
velkého dravce slepice zaujimaly prechodnou pozici. Intenzitu reakce ovliviiovalo to, zda
mély v dobé pokusu kurata. Kvoény hlidajici kurata byly celkové agresivnéjsi, predevsim pak
vuci mensim dravciim.

Velmi zajimavé vysledky poskytuji také experimenty se siluetami leticich dravc(.
Podstoupili je jak domaci kufi (Evans et al. 1993b) tak i v pfirodé odchyceni ptaci, konkrétné
sykory modfinky (Klump and Curio 1983) and sykory luzni (Alatalo and Helle 1990). Oproti
experimentlim s vycpaninami, respektive Zivymi ptaky, zminénymi vyse, reagovali testovani
ptaci na vétsi siluety vétSinou intenzivnéji nez na mensi, konkrétné snizenim pohybu a
naopak zvySenim frekvence Ci intenzity varovnych hlasd. Autofti to vysvétluji tim, ze velikost
poskytovala testovanym ptakiim informaci o vysce letu prezentovaného dravce. Vétsi silueta
tedy vyvolavala vétsi strach, protoZze predstavovala dravce nizko leticiho a pro potencionalni
které sykory vice varovaly pfi simulovaném preletu mensi siluety. Autofi tento vysledek
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vysvétluji tim, Ze varovani je riskantni a proto v pfipadé vysokého stupné nebezpeci jsou
sykory radéji zticha a varuiji, jen kdyzZ je riziko upozornéni na sebe nizsi.

Oboji interpretace vyhlizi presvédcivé, nicméné vede k otdzce, proc ve vsech vyse
popsanych pokusech s atrapami, popfipadé Zivymi dravci, testovani ptaci reagovali na rozdily
ve skutecné velikosti. Odpovéd se nabizi dvoji. V pokusech s atrapami mohli ptaci rozliSovat
druhy a nikoliv jen velikost predator(. Proti tomu hovofi jejich mimofadna podobnost. Druha
mozna odpovéd je zajimavéjsi. Siluety nenabizeji testovanym ptakim Zzadny jiny znak nez
velikost, nelze tedy jednoduse zjistit, zda se lisi druhovou pfislusnosti, velikosti nebo vySkou
letu. Potencidlni kofist tak z velikosti siluety usuzuje pouze na treti z moznosti, coz je zfejmé
za danych okolnosti nejjistéjsi parametr pro odhad aktudlni nebezpecénosti. Pokud by byly
atrapy opatfeny napfiklad ocima ¢i zobdakem nebo paraty, mohla by jejich obdobné
(ne)snadna rozlisitelnost poskytnout informaci o tom, Ze se pohybuji v obdobné vysce a lisi
se velikosti. Takovy predpoklad podporuje studie Grubb (1977), ktery sledoval reakci lysky
Fulica americana na rlzné prirozené se vyskytujici dravce (Buteo lineatus, Haliaeetus
leucocephalus, Pandion haliaetus). Ptestoze dravci létali v rliznych vzdalenostech a vyskach,
lysky se baly pouze orla Haliaeetus leucocephalus, coi je dle autora znamy predator vodnich
ptakud. Ostatni dravci (vCetné letadel) Zadny strach nevyvolavali.

| poté, co vyradime studie testujici rozliSovani rtzné velkych predatord, zlstava
nékolik dokladl schopnosti rozpoznavat jednotlivé druhy liSici se pouze zbarvenim,
popfipadé i dalSimi druhové unikdtnimi znaky. Asi jako prvni toto ukazal ve své praci Edwards
et al. (1950), ktery zjistil, Ze budnicek vétsi reaguje odliSnou intenzitou mobbingu na atrapy
dvou stejné velkych, ale rGizné nebezpecnych dravca (krahujec, postolka), umisténé u jeho
hnizda. Schopnost rozlisit tyto dva velikosti se témér neliSici, ale rGzné nebezpeci
predstavujici dravce byla opakované prokdzana i v novéjsich studiich. Tuhyci (Strnad et al.
2012) i sykory (Tvardikovd and Fuchs 2011, 2012) se vuci nebezpecnéjsSimu krahujci
(specializovanému predatoru drobnych ptakud) chovali mnohem opatrnéji nez vici postolce
(lovici pfevdiné drobné savce). Pritom vysledky experimentl jednoznacné dokladaji, Zze v
obou druzich jak tuhyci, tak sykory rozpoznavaji predatory.

Dalsi doklady prindsSeji studie observacni. Tfi druhy cejek, které sledoval Walters
(1990), vesmeés ignorovaly kondory a luidky a reagovaly na né jen, kdyz se priblizili ke
kuratim. Silnéji pak reagovaly na karance, sokoly a krahujcovité dravce, ktefi jsou jejich
castymi predatory. Mimoradnou vypovédni hodnotu mélo chovani Vanellus chilensis, které
uplné ignorovaly ryboZravého specialistu Busarellus nigricollis, ale na jiné velké dravce
(Buteo albicaudatus, B. magnirostris, Buteogallus urubitinga) reagovaly.

3. Voditka uZivana pro rozpoznani predatora

Predchozi kapitola presvédcivé dokladd, Ze je schopnost rozpoznavat preddtory mezi ptaky
Siroce rozsSifena a zahrnuje nejen rozliSeni predatord od nesSkodnych Zivocichl, ale také
vzajemné rozliseni jednotlivych skupin a druhl predatori mezi sebou. To nas privadi k
otdzce, jaka voditka ptaci pro rozpoznavani vyuzivaiji.
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3.1. Nemanipulativni studie

Studie testujici schopnost ptak( predatory rozpoznavat, diskutované v predchozi kapitole,
nam mohou pfi hleddni odpovédi pomoci jen malo. Ze vzhledu testovanych predatorl a
neSkodnych Zivocichl pouzitych jako kontrola se nicméné miZeme pokusit stanovit, které
jejich odlisnosti (potencidlni rozliSovaci znaky) jsou pro rozpoznavani k dispozici a méli
bychom proto na né zaméfit svou pozornost.

Zanedbatelny uzitek prinaseji studie testujici rozliSovani zdstupcl rlznych trid (viz
kapitola 1), predevsim pozemnich a vzdusnych predator(. Jejich odliSnost je tak velka, Ze pro
rozpoznani mlze byt vyuZito cokoliv, pocinaje télnim planem c¢i pokryvem téla a konce
rdznymi znaky lokalnimi (¢enich vs. zobdk aj.).

Nejvyznamnéjsimi a také nejcastéji testovanymi ptacimi predatory dospélcl jsou
dravci a sovy. Obé skupiny jsou vzhledové pomérné uniformni. Maji obdobné télesné
proporce (pomérné velka hlava, krk kratS$i nez ocas a kratké nohy) a charakterizuje je i
nékolik pomérné napadnych lokalnich znak( (kratsi ale silny, hdkovité zahnuty zobdk; silné
nohy s dlouhymi drdpy). U sov je navic doplfiuji dopfedu smérujici velké oci se zavojem,
zatimco u dravcli méné napadny kostény nadocni hfeben. Vsechny tyto znaky mohou byt
pouzity k rozliSovani zastupcd obou skupin od neskodnych ptaku, které bylo doloZzeno celou
fadou studii (viz kapitola 2.1.). To ovSem neznamenad, Ze by testovani ptaci nemohli ve
vétsiné z nich poutZit i znaky jiné, charakteristické pro jednotlivé druhy, predevsim zbarveni.
Tato mozZnost je vyloucena pouze u takovych druhl predator(, se kterymi testovani ptdci
nemohli mit pfedchozi zkusenost. Pro testovany druh (tuhyk obecny) nepochybné neznamy
lunak rodu Aviceda byl ale pouzit pouze v dosud nepublikované studii Némec et al. (2015).
Jeji vysledky navic naopak ukazuji, Ze obecné dravci znaky agresivitu tuhykld nespoustéji,
nebot na lundka na rozdil od zndmych dravc( nereagovali.

Urcity doklad toho, Ze ptdci skutecné obecné znaky dravcd pro rozpoznavani
vyuzivaji, nicméné poskytuji studie testujici rozliSovani krahujce a Sedé formy kukacky
obecné. Velikosti, télesnymi proporcemi (dlouhy ocas) i zbarvenim (vinkované bficho, Zluté
oko) se oba druhy témér nelisi. Pokud je presto testovani ptaci rozliSovali (viz kapitola 2.3.),
mohli k tomu vyuZit nejspiSe napadné odlisny tvar zobaku, popfipadé odliSnou délku a silu
parata.

Mnohem méné uniformni vzhled nez dravci a sovy maji ptaci predatoti hnizd a to i
tehdy, omezime-li se na nejc¢astéji testovanou skupinu krkavcovité pévce. Pomineme-li vice
méné uniformné cerné zbarvené druhy (v Evropé vétSina zastupcd rodu Corvus), mohli
bychom za spolecny znak, kromé (v rdmci pévcll) nadprimérné velikosti, povazovat jen silny,
rovny zobak. Predpokladali bychom tedy, Ze jejich odliSeni (jako skupiny) od neskodnych
druhl (napf. holubl a hrdlicek) predstavuje pomérné obtiznou ulohu. Presto existuje
nepfimy doklad, Ze jsou toho ptaci schopni. Tuhyci testovani v studii Némec a Fuchs (2014),
utodili vedle sojky i na jiného drobnéjsiho zastupce krkavcovitych, ofesnika obecného. Tento
druh prakticky nepreduje hnizda (Cramp 1979). Lze proto stézi predpokladat, Ze polovina
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testovanych par(, ktera na néj utocila, s nim méla negativni zkusenost. Pravdépodobnéjsi je,
Ze jej vyhodnotila jako potencidlni nebezpedi, pficemz voditkem jim mohl byt jeho relativné
mohutny zobak.

Nejjednodussim znakem odlisujicim jednotlivé druhy dravci a sov je nepochybné
velikost. Tou se liSila vétSina predatorl pouzitych pfi deSifrovani informaci sdélovanych ve
varovnych hlasech sykor (Tab.). Opét ale nelze vyloucit, Ze je testovani ptaci nebyli schopni
rozliSovat i na zakladé dalSich znakd. Tak by tomu bylo pouze v pfipadé, Ze by reagovali
shodné na obdobné velké druhy liSici vSak vyznamné svoji nebezpecnosti, naptiklad z davodi
odlisnych potravnich preferenci, coz ovsem prokazano nebylo (viz kapitola 2.4.). Velikosti se
liSili i zastupci rodu Accipiter pouziti ve studii Palleroni et al. (2005). Ani v jejich ptipadé sice
nelze opét poutZiti jinych znak( pro rozliSeni vyloucit, jevi se vSak na prvy pohled jako malo
pravdépodobné, nebot zbarveni vSech pouzitych druht je podobné.

Pouze velikost zfejmé rozhodovala o chovani tuhykd obecnych k potencidlnim
hnizdnim predatorlim z rodu Corvus (Némec a Fuchs 2014), ke kterym se na rozdil od sojky a
oresnika chovali zcela pasivné. Ti se od vSech tfi pouzitych zastupcl rodu Corvus lisi vyrazné
mensi velikosti a tim padem i vétsi nadéji na Uspéch pfi utoku na né. Navic nejvétsi opatrnost
projevovali tuhyci vic¢i nejvétsimu krkavci. Zajimavé je i to, Ze oba mensi druhy se lisi
nebezpecnosti pro vejce respektive mladata. Zatimco vrdna je (stejné jako krkavec)
vyznamnym predatorem hnizd (Cramp 1979), havran je vyhledava pouze vyjimecné (Cramp
1979). To by opét podporovalo predpoklad, Ze o chovani tuhyktd rozhodovala pouze velikost
predator(. Starého havrana Ize pfitom od vrany, pfes uniformni ¢erné zbarveni, odlisit podle
lysého kofene zobaku.

Praci testujicich schopnost ptakl rozliSovat mezi druhy z téhoZ taxonu, obdobné
velikosti, liSicimi se pouze zbarvenim, existuje pomérné madlo (viz kapitola 2.4.). Asi
nejjednoznacénéjsim pfipadem je rozliSovani postolky a krahujce, které bylo prokazano jak u
sykor v krmitkovych experimentech (Tvardikova a Fuchs 2011, 2012), tak u tuhykd obecnych
(Strnad et al. 2012) a budnick( vétSich Edwards et al. (1950) pti obrané hnizda. Tyto druhy
maji obdobné télesné proporce i velikost a nesou typické spole¢né znaky naprosté vétsiny
dravc( (zahnuty zobdk, paraty s dlouhymi drapy, kostény val nad ocima). Je proto evidentni,
Ze k jejich rozliseni museli testovani ptaci pouZit zbarveni. Otazkou ale zUstava jakym
zplGsobem. Postolka a krahujec se lisi celou fadou dil¢ich prvk( zbarveni a to jak barevnymi
odstiny (napt. hnéda vs. Sediva svrchni strana téla), tak i ornamenty (napt. podélné strikance
vs. pricné vinkovani na prsou a bfise). OdliSnou barvu maji i oéi (Sedohnédé vs. Zluté) a nohy
(rGZzové vs. Zluté). Jednotlivé prvky jsou vice (napt. barva oci) ¢i méné (napf. zbarveni svrchni
strany téla) napadné.

Ptaci mohou zbarveni vnimat jako celek, tj. vSechny jeho prvky jako vice méné rovnocenné,
nebo se mohou soustredit jen na jediny ndpadny a pro daného predatora unikatni prvek.
Tyto moznosti predstavuji jen krajni body gradientu a lze predpokladat, Ze pfi rozpoznavani
bude obvykle vyuZito vice prvkd zbarveni neZ jeden, nikoliv vSak vSechny. Navic vSem
sledovanym prvkim nemusi byt neprisouzena stejna dllezitost. DaleZitou roli bude ziejmé
hrat jejich ndpadnost a unikatnost pro dany druh predatora.
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Napfiklad pro rozpoznani krahujce bude nepochybné mit mimoradny vyznam pri¢né
vinkovani prsou a bficha. Jedna se o prvek napadny (kontrastni, zaujimajici velkou plochu,
dobre viditelny u leticiho i sediciho ptdka) a unikatni (pomineme-li pfibuzného ale mnohem
vétsiho jestfaba, ktery je také specializovanym predatorem ptakd, Sedou formu kukacky a
pénici vlasskou). Je ovSem otdzka, zda by po odstranéni vinkovani ptaci krahujce
nerozpoznali, nebo zda by naopak po pridani vinkovani rozpoznali krahujce v poStolce nebo i
zcela neskodném ptacim druhu (napfiklad v hrdlicce).

3.2. Manipulativni studie

Pokud chceme zjistit, jak ,nabidku” rozpozndvacich znak( testovani ptdci vyuZzivaji, musime s
jednotlivymi prvky zbarveni predatord ale i s jejich kombinacemi (v¢éetné dalSich znakd)
manipulovat. Manipulace m(iZze zahrnovat odstranéni prvku (napt. skvrnéni u postolky nebo
vinkovani u krahujce), nebo jeho nahrazeni znakem neskodného ptdka (napriklad Zluté oko
krahujce ¢ervenym okem holuba). Manipulovat Ize ovSem i jiné znaky neZ zbarveni, napf.
dravci zobak ¢i paraty, nebo velikost.

Odstranénim potenciadlniho rozpoznavaciho znaku testujeme, zda je pro rozpozndani
nezbytny. Pokud testovani ptaci v takto pfipraveném stimulu rozpoznaji nemodifikovaného
predatora (napt. krahujce), tj. pokud na néj reaguji obdobné intenzivnim antipredacnim
chovanim (viz kapitola 1.), neni manipulovany znak pro rozpozndani konkrétniho druhu
predatora nezbytny. Obdobné, pokud testovani ptaci v stimulu rozpoznaji predatora, t;j.
pokud na néj reaguji intenzivnéjsim antipredacnim chovdnim nez na neskodnou kontrolu (viz
kapitola 1.), neni manipulovany znak nezbytny ani pro rozpoznani obecnéjsi kategorie
predatorl (napf. dravci).

V pripadé, Ze potencialni rozpoznavaci znak pfiddvame na atrapu neskodného ptaka
(napf. vyménou zobdku ¢i oka holuba za dravéi zobdk ¢i oko krahujce, nebo doplnénim
krahujéiho vinkovani na prsa a bticho hrdlicky) testujeme, zda pfislusné znaky jsou pro
rozpoznani konkrétniho dravéiho druhu ¢i dravce obecné postacujici. Pokud testovani ptaci
reaguji na upravenou atrapu méné intenzivnim antipredaénim chovanim nez na
nemodifikovaného predatora, znak k rozpoznani konkrétniho druhu predatora (napf.
krahujce) nepostacuje, a pokud na ni nereaguji intenzivnéjsSim antipreda¢nim chovanim nez
na nesSkodnou kontrolu, nepostacuje ani pro rozpoznani obecnéjsi kategorie predatoru
(napf. dravct).

Odebirani (nahrada) znak( na atrapé predatora a pridavani (nahrada) znakd na
atrapé neskodného Zivocicha tedy prindseji odpovédi na odliSné otazky. Pokud bude pritom
reakce na atrapu predatora s odebranymi (nahrazenymi) dravéimi (druhovymi) znaky silnéjsi
nez reakce na atrapu neskodného Zivocicha s pfidanymi (nahrazenymi) drav¢imi (druhovymi)
znaky, je zfejmé, Ze vedle testovaného znaku (kombinace znak() se pti rozpoznavani
konkrétniho predatora (skupiny predatort) uplatiuji i znaky dalsi.
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3.2.1. Siluety

Vyzkumu toho, jak ptdci preddtory rozpoznavaji, byla ve srovnani se vyzkumem vysledk(
tohoto procesu, tedy schopnosti predatory rozpoznavat a hodnotit jejich nebezpecnost
vénovana behaviordlni ekologii mnohem mensi pozornost. Vyznamnd skupina studii vsak
vznikla jiz v pionyrském obdobi tohoto oboru.

Jeden ze zakladatell etologie Konrad Lorenz vyslovil hypotézu, Ze jakékoli specifické
zviteci chovani je vyvolano specifickym podnétem, ktery nazval ,Auschléser”, anglicky
Jreleaser” (Lorenz 1937a,b). Z néj odvodil Tinbergen (1948) pojem “sign stimulus” oznacujici
signal (Cast téla ¢i prvek chovani) vyslany jednim zvifetem, ktery zplUsobuje typické chovani u
druhého zvirete. Takovéto signaly pak fidi vSsechny aspekty Zivota od epigamniho chovani
(Lack 1943; Tinbergen 1948), ptres hnizdni chovani (Tinbergen 1951) aZ prdvé po chovani
antipredacni a tedy i rozpoznavani preddator(i, které musi antipredacnimu chovani
predchazet. Pozdéji byly autory zabyvajicimi se rozpoznavanim predatorl ale jinych Zivocicht
(napfriklad sexualnich partner() uzivany i pojmy “key features” (Marr a Nishihara 1978), nebo
“salient features” (Schleidt et al. 2011).

Antipredacni chovani, které je spontanni a neni vdzdno na urcitou etapu Zivota Ci
rocni dobu, nabizelo i jednu z cest, jak podobu a funkci sign stimuli experimentdlné
studovat. Povaha téch, které spoustéji antipredacni chovani (a tedy i rozpoznavani
predator(l) byla poprvé prokdzdna v experimentech se siluetami dravcd. Pfi nich byly
porovndavany reakce tetrevovitych (Lagopus sp., Tetrao sp.), krocan( a kurat kura domaciho
na siluety ptakd rdznych tvard (Goethe 1937, 1940; Kratzig 1940; Lorenz 1939).

Vysledky ukazaly, Ze o spusténi antipredacniho chovani rozhodovala relativni délka
krku siluety. Pokud bylo siluetou pohybovdno takovym smérem, Ze byl vytvoren dojem
kratkého krku vpredu a dlouhého ocasu vzadu (dravec), vyvolavala u testované drlibeze
utékové chovani. Pokud bylo touZ atrapou pohybovadno v opaéném sméru a jevila se tedy
jako ptadk s dlouhym krkem a kratkym ocasem (husa), antipredacni chovani se neobjevilo.
Ostatni potencialni znaky, tvary ktidel ¢i téla siluety, nemély na reakci testovanych ptaka
zadny vliv.

Ve své revizi Lorenzovych a Tinbergenovych experiment( vsak Schleidt et al. (2011)
poznamenavaiji, Ze Tinbergen a Lorenz napsali vic praci o ,kratkém krku®, ale kreslili v nich
razné obrdazky, které si navzajem neodpovidaly — neni tedy zcela jasné, co kdy bylo pouZito.
Lorenz sam pak podle nich navic za ,spousté¢” antipredaéni reakce nepovazoval ani tak
ykratky krk“, jako spis ,pomalou relativni rychlost letu”. Samotnym autorim této revize
(Schleidt et al. 2011) vychazelo, Ze v zajeti chovana mladata krocanl bez zkusenosti z prirody
opravdu reaguji spisSe na siluety podobné dravcim, zatimco volné se pohybujici krocani s
individualnimi zkusenostmi s predatory se boji prakticky jakéhokoliv prelétajiciho objektu.

Pfestoze se jedna o velmi tradi¢ni téma, nelze zfejmé povaZovat otazku, zda jsou
ptaci schopni podle siluety rozlisit predatory od neskodnych ptakl za rozresenou. Je pfitom
nepochybné, Ze by takovato schopnost byla pfi redlnych setkanich s predatory velmi
uzite¢na, nebot by mohla uspisit a zpresnit adekvatni reakci, coZ na jednu stranu zvysuje
Sanci na unik a na druhou potlacuje zbytecné casové a energetické ztraty. DalSi experimenty
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by tedy mohly pfinést zajimavé vysledky. Zaméfrit by se mély na zvySeni vérohodnosti atrap
predator( i jejich pohybu. Predevsim by se ale v experimentech méli uplatnit ptaci odchyceni
v prirodé. Stavajici studie pracovaly s jedinci pochdazejicimi z chovli a navic se nejcastéji
jednalo o domdci drlibez.

3.2.2. Dilci znaky — zbarveni

V dalsich desetiletich studie vénované hledani a ovérovani klicovych znak( pouzivanych k
rozpozndvani predatord pribyvaly pomalu. Zrejmé nejrozsdhlejsi vyzkum na toto téma
provedl (Curio 1975), ktery sledoval intenzitu varovné vokalizace (call-rate) lejska
cernohlavého vuicéi modifikovanym atrapam tuhyka obecného. Tento druh pévce se sice Zivi
prevainé velkym hmyzem, je vSak schopen ulovit i malé obratlovce (Cramp 1979).

V ramci své studie Curio (l.c.) otestoval mnoho diléich znakl, nejcastéji vSak rGzné
prvky zbarveni. Nejprve prezentoval atrapy samce tuhyka s barevnymi Gpravami ¢erné ocni
pasky, kterd je u tohoto predatora asi nejndpadnéjsim prvkem zbarveni. Nejsilnéjsi varovnou
reakci pfirozené vyvolavala u lejskll nemodifikovana kontrolni atrapa. Reakce na atrapu s
¢ervenym ocnim prouzkem se od reakce na kontrolu signifikantné neliSila, naopak atrapa se
zelenym prouzkem vyvolala velmi vyrazny pokles intenzity varovani. Ddle byl testovan vliv
kontrastu mezi onim prouzkem a zbytkem hlavy. Odebirani sytosti prouzku nevyvolalo v
reakci lejski vétsi zmény. Teprve kdyzZ prouzek zcela splynul s podkladem, varovat prestali.

Z téchto vysledkl vyplyva, Ze klicova je pritomnost ndapadného barevného znaku,
nikoliv jeho provedeni. Nesmi zfejmé ovSem byt pfili§ vzddleno od redlného vzhledu
predatora. Cervena respektive ¢ervenohnédd barva i rdzné odstiny $edi jsou v zbarveni
tuhyka zastoupeny, jakykoliv odstin zelené v3ak nikoliv a proto o¢ni péaska této barvy zfejmé
jeho rozpoznani nespusti. Samotna pritomnost nemodifikovaného znaku ale také neni
dostacujici, nebot bila ¢tverhranna tycka se stylizovanou ocni paskou, postradajici vsak i tvar
ptaciho téla, nevyvoldvala u lejsk(i zddnou varovnou reakci. PfestoZe je tedy pfitomnost
vérohodné zbarvené ocni pasky pro rozpoznani tuhyka nezbytna, nejedna se o ,releaser”,
tak jak ho chapal (Lorenz 1937a,b), nebot ten by mél spustit antipredacni chovani za
jakychkoliv podminek.

Dulezita je také poloha ocni pasky. Lejsci reagovali na atrapu, u niz byl o¢ni prouzek
posunut z Cela na tyl a to dokonce o néco silnéji nez na kontrolni nemodifikovanou atrapu.
Ostatni modifikace (paska pod krkem, na bfiSe, vertikdlné na temeni) uz vyvolavaly jen velmi
slabé varovné reakce. Obdobné vysledky pfinesly i prezentace atrap samce tuhyka s
radikdlné barevné upravenym télem. Lejsci reagovali silné pouze na kontrolni nezménénou
atrapu. Kdyz byly z tuhyka sejmuty vSechny prvky zbarveni a ¢erny ocni prouzek byl
ponechan na uniformé bilém téle, intenzita varovani dramaticky poklesla. Zddnou reakci pak
nevyvoldvala jednotné bild atrapa bez oéniho prouzku.

Vysledky tedy opét ukazuji, Ze o¢ni paska sama pro rozpoznani nepostacuje. Musi byt
zasazena na spravném misté téla a doplnéna dalSimi prvky zbarveni. Na druhou stranu je
olni paska pro rozpoznani nezbytna. Pokud by se lejsek setkal s tuhykem bez o¢ni pasky,
nevyhodnotil by ho ziejmé jako nebezpeli. To je zajimavé predevsim proto, Ze tuhyk

36



poskytuje znak odkazujici pfimo na jeho potencidlni nebezpecnost. V terminologii
behavioralni ekologie bychom ho mohli nazvat znakem cestnym. Je jim velky a silny, na konci
mirné hakovité zakonceny zobak, ktery by mohl hrat pfi rozpoznavani stejnou roli jako
hakovity zobak dravcl a sov (viz kapitola 3.2.4.). Nicméné vsichni evropsti tuhyci (4 druhy)
ocni pasku maji a neni proto zfejmé nezbytné vyuZivat pro rozpoznavani méné napadné byt
,cestné” znaky.

Jak jiz bylo uvedeno wvySe, je charakteristickym barevnhym znakem
nejnebezpecnéjsiho evropského predatora drobnych ptakd, krahujce, tmavé pfricné
vinkovani na jinak svétlé spodiné téla. Proto se nékolik autor( pokusilo testovat jeho vyznam
pro rozpozndvani tohoto dravce potencidlni kofisti. V praci Vesely et al. (2016) byly sykoram
na krmitku prezentovany atrapy krahujce s kompletné, nebo c¢astecné modifikovanym
zbarvenim. Atrapa, ktera méla charakteristické vinkovani na bfiSe odstranéno, ale i atrapy
zbarvené jako nesSkodni ptaci (konadra, ¢ervenka) vyvolavaly u sykor stejny strach jako
nemodifikovany krahujec. Pouze atrapa s umélym fialovo-bilym Sachovnicovym vzorem
nebyla vnimdna jako vétSi nebezpeli nez neskodnad kontrola (holub). Tato prace tedy
nezbytnost vinkovani na bfiSe pro rozpoznani of krahujce neprokdzala. K shodnym
vysledkiim dosli i Davies and Welbergen (2008), ktefi na krmitku také prezentovali atrapu of
the krahujce zbavenou vinkovani na bfise. Stejné jako v pfedchozi studii se ji sykory nebaly
méneé nez krahujce nemodifikovaného.

Vysledky experiment( s krahujcem a tuhykem obecnym se tedy zasadné lisi. Zatimco
vinkovani na spodni strané téla neni pro rozpoznani krahujce nezbytné, o¢ni paska u tuhyka
ano. Vysvétleni se nabizi nékolik. Pfedevsim atrapa s odstranénym vinkovanim stale nabizi
pfinejmensim jeden znak charakteristicky pro krahujce — Zluté oko. To nema Zadny evropsky
dravec srovnatelné velikosti. Na prvy pohled se oviem zda nepravdépodobné, Ze by takovy
detail mohl postacit pro rozpoznani krahujce, nicméné vyznam barvy oli pro rozpoznavani a
to nejen krahujce doklada vice studii (viz kapitola 2.3.).

Nelze ovsem vyloucit, Ze sykory v atrapé zbavené vinkovani nerozpoznavaly krahujce
ale dravce pro né nezndmého druhu, na kterého reagovaly stejné (obdobné) obezietné jako
na krahujce. Modifikované atrapy nabizely fadu znak(, pocinaje télesnymi proporcemi a
konce délkou drdpl, spoleénych pro vsechny evropské dravce. Opatrné chovani vici
nezndamému predatorovi se jevi pravdépodobnym i proto, Ze ptdci navstévujici krmitko jsou
obecné pomérné ostraziti a jakykoliv podeziely objekt v nich mize vyvolat strach (Bonter et
al. 2013). Zde se ukazuji limity experiment( s netrénovanymi ptaky, u nichz lze rozliSovani
jakychkoliv ,objektd” prokazat jen tehdy vyvolavaji-li odliSné chovani. Zajimavé by bylo
nabidnout sykoram pfimy vybér mezi modifikovanou a nemodifikovanou atrapou v
dvoukrmitkovém experiment(l a stalo by za to sledovat také habituaci, které by v pripadé
,neznamého dravce” méla byt rychlejsi.

Zajimavé moznosti studia vyznamu vinkované spodni C¢3sti téla pro rozpoznavani
krahujce nabizi mimoradnd podobnost zbarveni sedé formy kukacky obecné zminéna jiz v
predchozi kapitole. Lze dokonce vyuzit i observacni data. Lyon a Gilbert (2013) pozorovali
mobbing na kukacku u druhu, ktery kukacka témér neparazituje (vlastovka obecnd) nebo
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ktery ji vibec nezna (americky mlynafik Psaltriparus minimus). V obou ptipadech si ji podle
autord pletou s krahujcem obecnym, ¢i, v pfipadé amerického mlynafika, s nékterym
mistnim malym zastupcem rodu Accipiter. Také sykory konadra a modfinka, dalsi kukackou
neparazitovani pévci, na ni podle pozorovani Langmore et al. (2012) reaguji podobné
opatrné jako na krahujce. Liang a Mgller (2015) navic zjistili, Ze vlastovky obecné brani
hnizdo proti kuka&ce i krahujci vic v Dansku ne v Ciné. Autofi vysledky vysvétluji tak, Ze se v
Ciné vyskytuje sympatricky vice druh(i hnizdnich parazitd a pro potencialni hostitele je tedy
a predstavuje tedy pro vlastovky znaméjsi nebezpeci. Zda se tedy, Ze zatimco vinkovani
spodni ¢asti téla neni pro rozpoznani krahujce nezbytné, spolu se Zlutym okem postacuje k
tomu, aby byl krahujec rozpoznan v neSkodné (pro testované druhy) kukadce, presto Ze ta se
odliSuje prinejmensim zcela odliSnym tvarem zobaku a parata.

Nicméné, kukackou bézné parazitovany rakosnik obecny, reagoval v blizkosti hnizda
varovnymi hlasy na atrapu kukacky mnohem silnéji, nez na atrapu krahujce i kontrolni
neskodny druh (¢irka obecnd), coz ukazuje, Ze mezi nimi spolehlivé rozliSuje (Welbergen a
Davies 2008, 2011). K podobnym zavérim doslo i nékolik dalSich praci testujicich reakce
potencialnich hostitel( kukacky (Edwards et al. 1950; Ash 1970; Duckworth 1991; Thorogood
and Davies 2012).

Welbergen and Davies (2011) navic zjistili, Ze vinkovani na bfiSe neni pro rozpoznani
kukacky nezbytné. Rakosnici obecni varovali na kukacku zbavenou vinkovani vice nez na
hrdlicku a krahujce (bez ohledu na jejich modifikaci), coZ svéd¢i pro to, Ze ji rozpoznavali na
zakladé jiného znaku. Pokud jsou tedy ptaci motivovani k tomu, aby mezi kukackou a
krahujcem rozliSovali, mohou tuto schopnost ziskat.

Jaky znak, mohou ptdci pouzivat pro rozpoznani kukacky testovala studie Trnky et. al.
(2012). Rakosnici velci aktivné napadali atrapu kukacky zbavenou vinkovani, nikoliv vSak
atrapu s hnédyma ocima a koutky zobaku. Naopak ale utocili na atrapu hrdlicky s kukaééim
okem a zobakem. Autofi z toho vyvozuji, Ze nikoliv vinkovani spodni strany téla ale barva oci
je klicovym znak pro rozpoznani kukacky. Zdlvodnuji to tim, Ze je oko u kukacky sedici niz
nez rakosnik lépe viditelné. Lze oviem navrhnout i jiné vysvétleni. Zluté oko umoZfiuje
rozpoznat i hnédou formu kukacky a je tedy znakem spolehlivéjsim.

Pfedchozi zavéry nicméné zpochybruje dalsi vysledek ze studie Welbergen and
Davies (2011), ktery ukazuje, Ze podobnost Sedé formy kukacky s krahujcem ji opravdu
chrani pred napadenim ze strany hostitelskych ptakd. Rakosnici obecni si troufali priblizit na
kratsi vzddlenost ke kukacce, kterda méla odstranéno vinkovani spodni ¢asti téla, nez ke
kukacce nemodifikované. Naopak, kdyz byla vinkovanim opatfena atrapa kontrolni neskodné
hrdli¢ky zahradni, pfiblizovali se k ni rakosnici méné nez k atrapé nemodifikované..

Rozpor se studii Trnka et al. (2012) muze ale byt jen zdanlivy. Testovani ptaci resili
dvé rozdilné ulohy: rozpoznavani kukacky, které absence vinkovani témér nezhorsuje, a
rozpoznani krahujce, které vinkovani ,zlepsuje”, ovsem takovym zplsobem, Ze je rozpoznan
i v jinych druzich ptaka.
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Ani u rakosnikd obecnych vsak neni efekt vinkovani univerzalni. K atrapé krahujce s
odstranénym vinkovanim spodni strany téla se pfiblizovali se stejnou opatrnosti jako ke
krahujci nemodifikovanému (Welbergen and Davies 2011). Tento vysledek se shoduje s vyse
popsanymi studiemi na sykorach a i vysvétleni bude zfejmé obdobné. Rakosnici bud’
rozpoznavaji krahujce podle jinych znak(, k ¢emuz se priklanéji autoti, nebo krahujce sice
nerozpoznavaji, vaci atrapé vsak zachovavaji opatrnost, nebot ta nese vsechny obecné dravci
znaky a muZe byt vyhodnocena jako neznamy a potencidlné nebezpecny dravéi druh.
Rozhodnout by mohlo jen pfimé srovnani (nejlépe v dvoukrmitkovém usporadani) s
nemodifikovanym krahujcem. Vysledky experimentl muaze navic ovlivnit i jejich usporadani.
Trnka a Prokop (2012) zjistili, Ze rakosnici velci sice napadaji kukacku intenzivnéji nez
krahujce, avSak jen kdyZ byly atrapy obou vetfelcd prezentovany soucasné. Pokud byly
prezentovany samostatné, pouze s neskodnou kontrolou, intenzita utokd se v disledku
Castéjsiho napadani krahujce prikazné nelisila.

Autofi se domnivaji, Ze rdkosnici velci jsou diky svym télesnym dispozicim
mimoradné agresivni a pfi obrané hnizda generalizuji nebezpecnost kukacky na vsechny
vetrelce. V takovém pripadé by se vSak intenzita Utok( na kukacku a krahujce neméla lisit ani
pfi soucasné prezentaci. Pokud rakosnici velci utoli intenzivnéji jen na samostatné
prezentovaného krahujce, je prinejmensim stejné validnim vysvétlenim, Ze negeneralizuji
nebezpecnost kukacky ale jeji vzhled, tedy Ze krahujce, pokud jej s ni nemohu pfimo
porovnat, rozpoznavaji jako kukacku. PFi¢inou nizsi schopnosti rakosnikd velkych rozliSovat
Sedou formu kukacky od krahujce oviem mize byt jejich lepsi schopnost zahdnét od hnizda
jakékoliv vetrelce a tedy i mensi zvyhodnéni ptaku, ktefi si rozpozndani osvoji.
véech okolnosti rozlisuji, v jednotlivych pokusnych usporadanich se vsak pokouseji
pfednostné zahnat aktudlné nebezpecnéjsiho z obou vetrelcl. Kukacku uprednostiuji pred
hrdlickou i krahujcem, krahujce jen pred hrdlickou. Takovouto schopnost optimalizovat
obranné chovani pfi stfetnuti se dvéma predatory prokazala u tuhyka obecného Syrova et al.
(2016). Urcité svétlo by do problému mohlo prinést, kdyby byl opakovédn s dravcem
nepodobnym kukacce, napriklad s postolkou.

Trnka a Grim (2013) testovali i reakci rdkosnika velkého na hnédou formu kukacky. Ti
na ni Utoéili mnohem intenzivnéji nez na neskodnou hrdlicku, takZze v ni nepochybné
rozpoznavali nebezpedi. Je ovsem otdzkou jaké, nebot intenzita Utokd byla nizsi neZ na Sedou
formu a neliSila se prlikazné od intenzity Utok( na krahujce a postolku. Ziskani presnéjsi
odpovédi by vyZadovalo manipulaci jak se znaky hnédé formy kukacky (zbarveni) tak i
postolky (obecné se vyskytujici znaky dravcll) a také testovani na dalSich lokalitach, s
odlisSnym zastoupenim obou forem kukacky.

Pti hodnoceni vSech experimentu testujicich rozpoznavani kukacky a jeji rozliSovani
od krahujce, je konec¢né tfeba mit na paméti, Ze prezentované vysledky téchto i dalSich studii
zachycuji ,,stfedni hodnotu” reakce, ta oviem nejenze nemusi mit normalni rozdéleni, ale
nemusi byt a ziejmé nebyva (napr. Berankova et al. 2014) ani ,spojita“. Jednotlivi ptaci bud’
stimuly rozpoznaji a (vice ¢i méné) reaguji, nebo nerozpoznaji a (vice ¢i méné) nereaguiji.
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Rozdily v ,,schopnosti” stimuly rozpoznat mlZe zpUsobovat vétsi ¢i mensi zkusenost, kterou s
nimi maji, nebo odlisnd personalita (z pohledu behaviordlni psychologie asi odlisné kognitivni
schopnosti).

Stejné tak je treba zohlednit, Ze Zadny z experimentll netestuje schopnost
rozpoznavat predatora ale jen schopnost rozlisit jej od jiného ,,objektu” coZ se ale projevi jen
tehdy, pokud jej povaZzuje za mensi Ci vétsi nebezpeci a reaguje na néj slabéji i silnéji. (viz
kapitola 1). Absence rozdilu v reakcich tedy nemusi znamenat, Ze testovany ptak predatora
nerozpoznava. Takova situace mlZe nastat zvlasté tehdy, porovnavame-li reakce na rizné
predatory (nebo na predatora a hnizdniho parazita).

Na zakladé vysledkl stavajicich experiment( Ize shrnout, Ze ptaci napadné dilci prvky
zbarveni pro rozpoznavani predatord (a hnizdnich parazitd) nepochybné vyuZivaji. Nemuseji
vSak byt nezbytné ani postacujici. Pokud chybi, nebo jsou nespolehlivé, mohou je nahradit
jiné, alespon na prvy pohled, méné napadné znaky. Naopak, pokud takovéto ,doplikové”
znaky chybi, nebo nemaji sprdvnou podobu, nemusi pritomnost napadnych prvkl zbarveni
sama o sobé postacovat.

Vysledek zfejmé zdvisi na rlznych okolnostech. V pfipadé rozliSovani krahujce od
Sedé formy kukacky, se lze setkat se zaménou krahujce za kukacku i kukacky za krahujce.
Tento potencidlni mimeticky komplex ale predstavuje spiSe vyjimku. Pokud se urcity barevny
prvek (ale i jiny dil¢i znak) vyskytuje u vSech zastupcl néjaké skupiny, predstavujicich
obdobné nebezpedi, jako tfeba o¢ni paska evropskych tuhykd nebo typicky zobak dravc(, a
lze se tedy na né spolehnout, k selhadni v rozpozndni obvykle nedochazi. Tuhyk ovéem nesmi
byt zeleny a dravec pravidelné karovany. Netrénovani ptaci se pfi rozpoznavani predatort
tedy chovaji obdobné jako holubi v experimentech studie Aust a Huber (2001), trénovani
rozpoznavat lidskou postavu. Vyznamnym klicovym znakem pro né byly mimo jiné Saty,
musely se vSak nachazet na ,,objektu” vice ¢i méné podobném lidské postaveé.

3.2.3. Dilci znaky - velikost

Také vyznam télesné velikosti pro rozpoznani rlznych druhl predatorl naznacovany i
nemanipulativnimi studiemi (viz kapitola 3.1) byl testovan cilené. Evans et al. (1993b)
konfrontovali naivni kurata s rlizné velkymi siluetami dravcl promitanymi na monitoru na
stropé ubikace. Velké siluety vyvolavaly nejintenzivnéjsi varovnou vokalizaci, v zavislosti na
velikosti promitané siluety se ale ménilo i dalSi chovani. Pfi projekci malé siluety byla
rozpoznatelnd jen ocni fixace kufat na dravce a sledovani siluety otacenim hlavy. Siluety
prostfedni velikosti vyvolaly mirné prikréeni, pfi promitani nejvétsich dravcli se kurata
prikrcila tak silné, Ze se télem dotykala podlahy. Autofi ovSsem interpretuji tento vysledek
tak, Ze kurata vnimali velikost jako ukazatel vysky letu a reagovali silnéji na blizsiho
predatora.

RGzné velké atrapy jestfaba poufZili Klump a Curio (1983) pro testovani v prirodé
odchycenych sykor modfinek. Atrapy byly presouvany na lané ve vysce 4 m nad voliérou. Na
atrapu v normalni velikosti reagovali sykory hlasitou varovnou vokalizaci a inhibici pohybu
trvajici az tfi minuty. Zmensena atrapa vyvolala u sykor tichy, kratky varovny hlas ,seet” a
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zpUsobila inhibici pohybu na méné nez 1 min. Obdobné jako v pfedchozi studii se autofi
domnivaji, ze sykory vnimaly rGzné velké atrapy spisSe jako rtzné vzdalené predatory a tomu
prizplsobily antipredacni odezvu. Mozna je ale i opacnd interpretace, podle které sykory
rozpoznaly pravou velikost atrap a reagovaly ve skutecnosti silnéji na malého nez na velkého
dravce. Tomu by odpovidalo poufZiti varovani typu ,seet” pro ,vzdalenou” siluetu, které
ovsem sykory pouzivaji jako signal akutniho nebezpeci (Ficken et al. 1978; Smith 1991;
Templeton and Greene 2007). V malém jestfabovi by v takovém pfipadé ale rozpozndvaly
spiSe krahujce. Ten se zbarvenim od jestfaba témér nelisi a sykory jsou jeho typickou kofisti
(Cramp 1979). Obdobné by Slo polemizovat se zavéry predchozi studie, nebot pro kura
domdciho naopak predstavuji vétsi nebezpedi velci dravci (napf. jestfab). Rozhodnout o
vyznamu velikosti pro rozliseni rlznych druhl preddatorl nicméné vyse uvedené ani dalsi
obdobné koncipované studie nemohou. Pfi prezentaci leticich atrap nelze nikdy jednoznac¢né
odlisit, zda velikost atrapy odkazuje na télesné rozméry nebo na vzdalenost. Bylo by tfeba
experiment navrhnout tak, aby se testovany ptak ocitl v jednoznaéné definované vzdalenosti
od preddtora a tedy pouZzit atrapu sedici. S takovymi pracoval jen Curio (1975). V jeho
experimentech zmensena atrapa tuhyka obecného s nezménénym zbarvenim vyvolavala
obdobnou reakci lejskli éernohlavych jako atrapa nemodifikovana.

3.2.4. Diléi znaky - o€i a zobak

Mnohé druhy dravcl a sov maji velmi napadné oci, kontrastni vici zbarveni hlavy. Navic se
Casto v okoli oka nachazi vyrazné zbarvena hold kliZe, kterd jeho napadnost jesté podtrhuje.
Bylo také opakované prokazano, ze jsou ptéaci schopni poznat, zda se na né predator diva a
tedy, zda jim jsou bezprostifedné ohrozeni. Watve et al. (2002) zjistili, Ze pro vlhu Merops
orientalis je vyznamné, jaky Uhel svira pohled oci ¢lovéka s pfimkou vedouci k jejimu hnizdu,
zatimco uhel svirany mezi télem a hnizdem vyznam nema. Podobné poznatky ziskali Carter
et al. (2008), kdyz otestovali vliv pfimého pohledu ¢lovéka na krmici se Spacky obecné.
Pokud byl pohled ,lidského predatora” odvrdceny, Spacci se vratili k hledani potravy a
zkonzumovali ji vice v kratSim case.

Neni proto prekvapivé, Ze pritomnost i barva oci jsou ¢asto povazovany za ,sign
stimuli umozZnujici rozpoznani rlznych druhl predator( a jejich vyznam byl experimentalné
testovan. VétSina studii je ovSem starSiho data, coz muazie byt pfri¢inou ne zcela
konzistentnich vysledk.

Nice a TerPelkwyk (1941) testovali reakci strnada Melospiza melodia na rlizné
modifikované kartonové modely pustika Strix varia se zdvérem, Ze pro rozpoznani atrapy
nesnizuje. Naopak Smith and Graves (1978) ukazali, Ze nepfitomnost hlavy, nebo i jenom oci
na atrapé vyra silné sniZuje intenzitu mobbingu ze strany vlastovek obecnych. Scaife (1976) v
experimentech s naivnimi kuraty zjistil, Ze antipredacni chovani (Ustup do ukrytu) vyvolava
atrapa postolky zbavena odéi stejné jako atrapa kiwiho, na niz byly zluté (modifikované) oci
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postolky preneseny. Obé tyto atrapy ovSem vyvolavaly slabsi reakci nez postolka se Zlutyma
ocima.

Curio (1975) se ve své komplexni studii vedle zbarveni zabyval i vyznamem oci. Atrapa
tuhyka postradajici o¢i nevyvolavala u lejskli Zadnou antipredacni reakci. V pokusech s
kuliskem, lejsci atrapu po zakryti jednoho oka pefim prakticky ignorovali. Kdyz vsak byly
zakryty obé oci, zacali na ni reagovat, byt narlst aktivity nebyl signifikantni a nedal se
srovnat s reakci na nemodifikovaného kuliSka. Autor tento narlst vysvétluje obnovenim
symetrie atrapy. Pokud byly oci kuliSka pfeneseny na atrapu tuhyka, zvysily intenzitu
antipredacniho chovani lejskli ve srovnani s jejich reakci na tuhyka nemodifikovaného.
Pokud ovsem byly obé oc¢i umistény na stejné strané hlavy, intenzita reakce klesala. Konecné,
na atrapu kuliSka s trojuhelnikovityma ocima reagovali lejsci témér stejné silné jako na
kontrolni nezménénou atrapu. Vyznam oci pro rozpozndvani kukacky (Trnka et al. 2012) byl
jiz diskutovan v kapitole 3.2.2.

Dalsim charakteristickym znakem dravcid a sov je hakovity zobdk, ktery jim umoznuje
porcovat kofist. Proto jej Ize terminologii behavioralni ekologie oznacit jako ,honest signal®,
nebot az na nepatrné vyjimky nechybi Zadnému zastupci obou skupin. Oproti o¢im jsou tvar
a barva zobaku dravcl i sov pomérné uniformni. Lze proto predpokladat, Ze se mohou
uplatnit spiSe pfi rozpoznani prislusnosti k obéma skupindm vzdusnych predatord nez k
rozliseni rGznych druh(. Také studie testujici vyznam tohoto potencialniho klicového znaku
jsou starsiho data a jejich zavéry je nutno prijimat s urcitou opatrnosti.

V experimentech Curia (1975) nezménilo prodlouzeni zobaku tuhyka reakci
testovanych lejskd, v pripadé kuliska vsak zpUsobila obdobna modifikace ¢astecné snizeni
intenzity jejich antipredacniho chovani. Smith and Graves (1978) zjistili, Ze atrapa vyra bez
zobdku vyvolava u vlastovek mnohem slabsi mobbing nez atrapa nemodifikovana. Gill et al.
(1997) prokazali klicovy vyznam zobdku pti rozpoznavani hnizdniho parazita vlhovce
Molothurus ater. Pfipevnili na jeho atrapu zobak Spacka, ktery je, podobné jako zobdk of the
vlhovce, tmavy, avSak delsi a tenéi. LesAdacci Dendroica petechia reagovali mnohem silnéji na
nemodifikovanou atrapu s plivodnim zobakem.

Berankovd et al. (2014) predkladali sykoram v laboratornich podminkach atrapy
holuba a krahujce se vzdjemné vyménényma ocima a zobdky. Pfitomnost holubich oci na
krahujci snizila miru strachu, ktery vzbuzoval, nicméné, pfitomnost oéi krahujce nezvysila
miru strachu z holuba. Naopak pfitomnost holubiho zobdku nesnizila strach z krahujce, ale
pritomnost krahujé¢iho zobdku zvysila strach z holuba. Tento vysledek odpovidd tomu, zZe
zobak slouzi sykoram jako obecny znak dravce, zatimco Zluté oko jako druhové specificky
znak krahujce. Proto Zluté oko na holubovi jeho ,,nebezpecnost” nezvysuje (nema zadny dalsi
znak krahujce) zatimco absence na krahujci ano (postrdda vyznamny druhové specificky
znak). Obdobné pak krahujci zobak zvysuje ,nebezpecnost” holuba (Zadny z ostatnich znakd,
které nabizi, neni s pfislusnosti k dravcim v napadném rozporu) zatimco absence na krahuijci
nikoliv (ma vSechny druhové specifické znaky).

Odlisny pristup volila starSi studie (Edwards et al. 1950), ktera se zabyvala
rozpoznavanim kukacky a manipulovala celou hlavou. Vysledky jsou z dnesniho pohledu
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prekvapivé. Testovani budnicci vétsi torzo kukacky zbavené hlavy nenapadali, oproti tomu
viak samotna oddélena hlava u nich vyvolala intenzivni mobbingovou reakci. Tento vysledek
je ve shodé s pionyrskymi etologickymi studiemi (napf. Lack 1940, 1943), zamérenymi na
rozpoznavani sexudlnich partnert a sokl. Zda se vSak byt v rozporu s novéjsimi vysledky,
které ukazuji, Ze klicové znaky funguji jen, nachazeji-li se v kontextu znakl ostatnich. Je az
prekvapivé, Ze tyto experimenty dosud nenasly pokracovatele, nebot hodnovérné testovani
efektu izolovanych klicovych znak( je nepochybné nezbytnym krokem v porozuméni
rozpozndvacich procest u netrénovanych ptaka.

Rozporuplné vysledky prinaseji i ostatni studie. O pfic¢inach lze jen spekulovat.
MuzZeme je hledat v testovanych ptacich (zkuSeni vs. naivni), rizné nebezpecnosti pouzitych
predator( (napt. kuliSek vs. vyr), sledovanych parametrech chovani, ale i odliSném vyznamu
testovanych znakd u rGznych predator(i, coz naznacuji vysledky studii zaméfenych na
rozpoznani kukacky a krahujce (kapitola 3.2.2) ale vysledky Berankové et al. (2014). Zajimava
je v tomto ohledu konecné studie Gill et al. (1997). Rozhodujici vyznam zobaku, ktery neni v
zadném pfripadé unikatni, pro rozpozndani vihovce Molothrus ater mlize byt dan tim, Ze tento
uniformné zbarveny hnizdni parazit nenabizi jiné znaky pro odliSeni od stfedné velkych
pévcl. Kazdopadné by vyznam odéi i zobdku pro rozpoznavani skupin a druhl predatort
zasluhoval dalsi pozornost. Predevsim by bylo Zadouci dlsledné testovat, nakolik jsou pro
rozpoznani nejen nezbytné ale i postacujici.

3.2.5. Kombinace dil¢ich znak
Studie rozebirané v predchozich kapitolach ukazuji, Ze efekt jednotlivého, byt i velmi
napadného znaku obvykle zavisi na kontextu znak( ostatnich. Asi nejhez¢i ukazku poskytuje
diky zna¢né pozornosti, kterd ji byla vénovdna, vinkovand spodni strana téla krahujce
obecného a kukacky obecné. Pokud chceme vyznam kontextu poznat presnéji, musime
manipulovat vice znaky soucasné, coZz umozZni testovat cilené a soustavné jejich r(izné
kombinace

Berankova et al. (2015) prezentovali sykoram modifikované atrapy krahujce. Ty se
liSily celkovym zbarvenim a velikosti. Byly testovany dvé sady — v pfirozené velikosti krahujce
a zmensené na velikost sykory konadry. Atrapy byly prezentovany jako sedici dravci, takze
moznost, Ze by je sykory vnimaly jako rGzné vzdalené exemplafe tychz forem, mohla byt
vyloucena. Atrapz neslz zbarveni: 1) nemodifikovaného krahujce, 2) holuba (neskodny ptak
velikosti krahujce), 3) cervenky (neSkodny ptak velikosti sykory koriadry), 4) sykory konadry.
Sykory projevovaly strach v pfitomnosti obou atrap zbarvenych jako krahujec. Pokud bylo
zachovano zbarveni, velikost tedy nehrala Zadnou roli. Podobné oba dravci zbarveni jako
great tit nevyvolavali Zadny strach. Zde naopak konspecifické zbarveni eliminovalo
pfitomnost obecnych dravéich znak(l (zobak, drapy) i pfitomnost specificky zbarveného
krahuj¢iho oka. Vliv velikosti se projevil pouze u atrap zbarvenych jako ¢ervenka a holub,
kde atrapy v nepfirozené velikosti (velka ¢ervenka, maly holub) vyvolavaly vice strachu, nez
atrapy velikostné nemodifikované. Velikost tedy hrala roli jen u atrap zbarvenych jako ptaci,
s nimiz se sykory mohou setkat, ktefi vSak pro né za normalni okolnosti nejsou zajimavi.
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Pokud byly tyto druhy prezentovany v ,nespravné” velikosti, pfritahly zifejmé pozornost sykor
zachované dravci respektive krahujci znaky.

Némec et al. (in prep.) otestovali soucasné vyznam potencidlnich obecnych klicovych
znakud dravce (zahnuty zobdk, dlouhé drapy, oko s kosténym supraorbitalnim hfebenem) a
druhové specifického zbarveni pefi pro rozpoznani postolky tuhyky branicimi své hnizdo.
Klicové dravci znaky zUstaly u jedné sady atrap (vyrobenych z plySe) dravci. U druhé sady byly
zaménény za holubi (oko bez supraorbitalniho hiebene, tenci rovny zobak, rizové nohy s
kratkym, rovnymi drapy). Kazdad sada obsahovala tfi barevné modifikace atrap: normalné
zbarven3, zjednodusena (zbavend cerného skvrnéni a ostatnich cernych prvkl ve zbarveni) a
zcela odlisnd (pouzito bylo ndpadné a pro stfedni Evropu zcela exotické zbarveni
jihoasijského lundka Aviceda leuphotes. Jako kontroly slouzily vycpaniny postolky (pro
ovéreni vérohodnosti plySovych atrap) a holuba. Pokud byly na normalné zbarvené plySové
atrapé postolky ponechany klicové znaky dravce (pGvodni zobak, oko a paraty), byla tato
atrapa povazovana tuhyky za postolku a ti na ni Utocili stejné intenzivné jako na postolku
ve zbarveni ,Aviceda” byt i s klicovymi znaky dravce napadali jiZz jen minimalné. Naproti
tomu pokud byly klicové znaky nahrazeny holubimi, tuhyci neutodili na Zadnou z atrap, bez
ohledu na jeji zbarveni. Ani v pfipadé atrapy s nezménénym zbarvenim postolky, nejevili
tuhyci o ni zdjem, a dokonce v jeji pfitomnosti krmili mlddata. Tuhyci tedy druhoveé specifické
zbarveni rozpozndvali a to i v dosti pozménéné podobé, ovsem jen tehdy pokud méla atrapa
soucasné obecné znaky dravce. Naopak samotné klicové znaky dravce agresivni reakci
nevyvolaly. Zda se tedy, Ze rozpozndani postolky probiha ve dvou stupnich. V prvém je na
zakladé obecnych znakl rozpoznan dravec, ve druhém na zdkladé specifickych znaku
konkrétni druh. Tento zavér ovsem plati za predpokladu, Ze tuhyci Utoci jen na zndmé druhy
dravc(.

3.3. Zavér

Na prvy pohled plsobi na ¢tenare vysledky praci z této kapitoly jako neprehledna zmét, z
které neni mozné ucinit obecny zavér. O néjaké shrnuti bychom se vsak méli pokusit. Je
zfejmé, Ze ptaci napadné dil¢i znaky pro rozpoznavani predator( vyuZivaji. Mohou byt
dokonce pro rozpozndani nezbytné, obvykle vsak pro rozpoznani nepostacuji. Nejedna se tedy
o ,ausloser” v prisném slova smyslu, tak jak je definoval (Lorenz 1937a,b). Nemaji stejny
absolutni efekt, jako mél napfiklad chomac cerveného pefi v pokusech, které konal Lack
(1940) s vnitrodruhovym rozpoznavanim u cervenky.

Jinymi slovy Castéji neni predator bez napadného znaku jako predator rozpoznan nez
nesSkodny druh s napadnym znakem ano. PFi povrchnim zamysleni je tento rozdil ponékud
prekvapivy. Pokud neni ndpadny znak pro rozpoznani postacujici, nemél by byt ani nezbytny.
Nicméné hypotézu, jak by mohl probihat rozpoznavaci proces odpovidajici zjisténym
rozdildm, navrhnout lze. V pripadé dravce (napriklad krahujce) bez druhové specifického
napadného znaku by mohl vypadat takto: , Tento ptak je dravec, ale nema vinkované bficho,
krahujec to tedy neni”. V pfipadé neskodného ptaciho druhu (napfiklad hrdli¢ky) s druhové
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specifickym napadnym znakem dravce (napfiklad krahujce) by hodnoceni znélo: ,, Toto neni
ne dravy ptak, neni tedy tfeba vénovat pozornost jeho zbarveni”. Takovyto proces by
vysvétloval pokusy Némce et al. (in prep.), v nichZ tuhyci nereagovali na postolku s holubim
okem, zobdkem a paraty. Nevénovali tedy pozornost jejimu druhové specifickému zbarveni,
prestozZe je nepochybné znali.

Stdvajici vysledky zaroven ukazuji, Ze izolovany efekt ndpadnych znakl ovliviiuje mira
jejich specificnosti. Znaky obecné (napfiklad spolec¢né znaky dravc() jej maji vétsi nez znaky
specialni (napfiklad druhové specifické zbarveni postolky). Holub s dravéim zobdkem
vzbuzoval jistou miru strachu (ovsemze nizsi nez nemodifikovany krahujec), zatimco holub s
krahujéim okem nikoliv. To dava smysl. VSichni ptaci se béhem Zivota pravdépodobné
setkdvaji s pro né dosud nezndmymi ptacimi druhy. Spole¢né drav¢i znaky predstavuji
uzitecné voditko pro jejich zarazeni do kategorie ,dravec”, zbarveni, které je druhové velmi
proménlivé, takovymto znakem neni a to ani tehdy, podoba-li se zbarveni néjakého dravce
nebo naopak zbarveni neSkodného ptaka.
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We studied the ability of Red-backed Shrikes to adjust their nest defence to the potential
threat posed to defending adults and their nests. We presented mounts of two raptor spe-
cies which prey on adult birds (Eurasian Sparrowhawk, Common Kestrel; differing in the
proportion of adult passerines in their diets), and two species of nest predators (Common
Magpie, Eurasian Jay; differing in the proportion of bird eggs and nestlings in their diets).
A mounted Feral Pigeon was used as a control. Shrikes regularly mobbed the Sparrow-
hawk, Kestrel and Jay, but not Magpie or Pigeon. The mobbing frequency, in terms of the
number of mobbing events per 20 min, did not differ among the three regularly-mobbed
predators. If shrikes tried to chase the predator away, they did not adjust the mobbing fre-
quency to the level of potential threat to the nest. The proportion of mobbing events result-
ing in physical contact (mobbing intensity) declined from the most mobbed species, Jay to
the Kestrel, to the Sparrowhawk, which was considered most dangerous to adult shirkes.
The Red-backed Shrikes appeared to adjusted their mobbing intensity by assessing the
potential threat to themselves. Our results show the importance of a differentiation be-
tween mobbing intensity and mobbing frequency in the study of nest-defence behaviour.

1. Introduction

Predator mobbing is an important form of avian
antipredator defence (Caro 2005). It can occur
year round (Shedd 1982, 1983), although it is usu-
ally more intense during the breeding season
(Shedd 1982, Pavel 2006) when this behaviour is
used to avoid nest predation (Biermann & Robert-
son 1981). Predator mobbing is also connected to

various trade offs. Mobbing may force the preda-
tor to leave the nest (Pettifor 1990; Flasskamp
1994). If the predator discovers a nest, mobbing
may be the only chance to save the nest (Caro
2005). On the other hand, mobbing is conspicu-
ous, and if the predator is not aware of the presence
of'the nest, the defence behaviour may draw atten-
tion to it, or even attract other predators (Krama &
Krams 2005; Krams et al. 2007).
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Like other forms of parental investment, pred-
ator mobbing is both time and energy consuming
(Collias & Collias 1978, Dale et al. 1996, Scheuer-
lein et al. 2001); thus, the defending birds should
adjust their mobbing behaviour according to the
existing cost/benefit trade-off (Andersson et al.
1980). The importance of some factors involved in
this trade-off (i.e., age and number of offspring,
sex or life span) has been extensively studied in
birds, demonstrating that the investment in mob-
bing behaviour is positively correlated with the
value of the offspring (see Lima 2009 for a re-
view). Nevertheless, this trade-off is not the only
one: different predators represent different perils.
The predator represents a threat not only to the nest
content but also to the defending parents (Brunton
1986, Sordahl 1990, King 1999). These two
threats may not be equal at the same time. Corvids,
for example, represent a higher threat to the nest,
while raptors often threaten the defending parents.

The responses of defending birds toward dif-
ferent predator guilds have been studied in several
contexts, such as nest vs. adult predators (Knight
& Temple 19864, Sordahl 1990, Duckworth 1991,
Jacobsen & Ugelvik 1992, Dale et al. 1996, Ar-
royo et al. 2001, Amat & Masero 2004, Hogstad
2005), owls vs. birds of prey (Arroyo et al. 2001),
terrestrial vs. aerial predators (Bures & Pavel
2003, Hogstad 2005, Kleindorfer et al. 2005,
Sordahl 1990) and predators vs. parasites (Duck-
worth 1991; Welbergen & Davies 2011; Trnka &
Prokop 2012). Nevertheless, the danger presented
by predators may differ significantly even within a
specific guild: for example, a bird-capturing raptor
is expected to represent a bigger threat for defend-
ing birds (and potentially for fledglings) than does
a small mammal-catching raptor. In order for the
defending birds to respond adequately to these
predators, they should have the ability to discrimi-
nate between particular predator species and not
only groups of predators. This ability has not been
tested in the above-mentioned studies. Compari-
sons of more than one species within one predator
group are scarce (Curio ef al. 1983).

In our study, we focused on defence responses
to different predator guilds. The tested predators
(both within and between guilds) differ in their de-
gree of threat to defending birds and/or their nest-
lings, so that the ability of a defending bird to dis-
criminate between particular predator species
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could be tested. We examined the nest-defence be-
haviour in a 30-g passerine, the Red-backed
Shrike (Lanius collurio) as a good experimental
model species with which to study defence behav-
iour, as it vigorously defends its nest, even against
humans (Gotzman 1967, Tryjanowski & Golaw-
ski 2004).

We investigated variation in nest defence by
using mounted individuals of four avian predators
that differ in the degree of their potential threat ei-
ther to the nest content or to the defending parents.
We used the Eurasian Sparrowhawk (Accipiter
nisus) and the Common Kestrel (Falco tinnuncu-
lus), both of which have the ability to prey upon
both adults and fledglings, and which usually do
not prey upon nestlings (see below). Note, how-
ever, that some raptors at least occasionally prey
on the nest contents of Red-backed Shrikes (Le-
franc 1993).

The Sparrowhawk is specialized on small birds
(Opdam 1978, Simeonov 1984, Frimer 1989,
Kropil & Sladek 1990, Varga & Rekasi 1993,
Zawadzka & Zawadzki 2001, Bujoczek & Ciach
2009), including the Red-backed Shrike (Glutz
von Blotzheim et al. 1971), while the Kestrel pri-
marily feeds on small mammals and is less likely to
prey on birds (Korpimdki 1986, Vanzyl 1994,
Salata-Pilacinska & Tryjanowski 1998). We fur-
ther tested two specialized nest-content (eggs,
nestlings) predators: the Common Magpie (Pica
pica) and the Eurasian Jay (Garrulus glandarius).
The Magpie was identified as more of a nest preda-
tor than Jay by Groom (1993) and Chiron and
Julliard (2007), including the Red-backed shrike
(Roos & Part 2004). However, the true relative
levels of predation by these two species on nests is
unknown. Finally, as a control, we presented a
non-threatening Feral Pigeon (Columba livia f.
domestica).

We tested the following predictions: (1) The
frequency of mobbing behaviour is adjusted ac-
cording to the apparent threat to the nest content.
Mobbing frequency should be lower towards the
two raptors than towards the two corvids, and
within corvids, Jay should be mobbed less often
than Magpie. (2) The intensity of mobbing behav-
iour is adjusted according to the threat perceived
by the defending birds to themselves. Mobbing in-
tensity should therefore occur as Jay > Magpie >
Kestrel > Sparrowhawk.
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2. Material and methods
2.1 Study site, and the focal species

The experiments were conducted around the vil-
lage of Slapy, Central Bohemia (49°48° N, 14°23’
E) during the breeding period, i.e., from June to
late July, in 2002 through 2004, and near the town
of Karlovy Vary, Western Bohemia (50°14” N,
12°53” E) during the same months in 2004.

The Red-backed Shrike is found in open habi-
tats with scattered shrubs (including spiny species
such as wild rose Rosa spp., blackthorn Prunus
spinosa and hawthorn Crataegus spp.) where it
builds an open-cup nest. Only the female incu-
bates, and lays 3—7 eggs during 14 days, while the
male feeds her. Nestlings are subsequently pro-
visioned by both parents for approximately 14
days after hatching (Lefranc & Worfolk 1997).
The Red-backed Shrike is mainly insectivorous,
catching larger insects in the air and on the ground
using a sit-and-wait strategy; however, it also
preys upon small vertebrates (Golawski 2007).

In South Bohemia, Czech Republic, the bree-
ding success in the Red-backed Shrike is 51%
(Simek 2001), and the major causes of nest failure
are predation and weather. The spectrum of nest
and adult predators at our localities has not been
studied, but Magpie and Jay are considered the
main nest predators and Sparrowhawk is presum-
ably the main predator of adults (Lefranc &
Worfolk 1997). All of the tested predator species
are roughly equally abundant at our experimental
localities (Stastny ef al. 2010). Between 2002 and
2004, we conducted 90 single trials on 18 nests (36
individuals).

2.2. Experimental design

All experiments were conducted at nests contain-
ing nestlings from 5 to 10 days old, so we expected
both parents to show nest defence because their
probability to obtain successful offspring and ex-
isting investment to the nest was significantly
higher than in previous stages of development
(McLean & Rhodes 1992, Halupka 1999,
Rytkénen 2002). We presented mounted individu-
als of two predators of adult birds (Sparrowhawk
and Kestrel), two predators of nest content (Jay
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and Magpie) and one non-threatening control spe-
cies (Feral Pigeon), all of which were in the up-
right posture with their wings folded. In the
Sparrowhawk, the presented dummies were fe-
males because in this species a significant sexual
size dimorphism occurs, suggesting a distinct for-
aging niche (Overskaug ef al. 2000). Together, we
used three mounted specimens of Kestrel, two
Sparrowhawks, two Magpies, five Jays and two
Pigeons. All used dummies were without aber-
rance and were new-made by the same taxider-
mist. The mounts were placed on a 1.5 m high
pole, 1 m away from the nest, and facing toward
the nest. During installation, the tested mounts
were covered by a cloth to prevent early reactions
of the shrikes. Each pair of shrikes was presented
with all five mounts exposed individually in a ran-
domized order during one day. Each mount trial
lasted 20 minutes from the appearance of at least
one parent. If the parents showed no inclination to
mob a mount within 20 minutes, the trial was ter-
minated and recorded as a reaction value of zero.
The minimum time interval until the presentation
of the next dummy was one hour. To check for ha-
bituation or positive reinforcement, which may af-
fect the defence behaviour significantly (Knight &
Temple 1986a, 1986b), the order of presentation
was used as an explanatory variable in model. The
behaviour of the defending birds was taped on a
VHS-C video camera on a tripod at a distance at
least 30 m from the nest, so as not to disturb the
parents. All experiments were conducted between
07:00 and 19:00 in conditions free of precipitation
and no or only light wind.

Two types of behaviour were included in the
statistical analyses: (1) Mobbing frequency, i.e.,
the total number of mobbing events (where the
bird flies over the mount, decreases its flight alti-
tude and sometimes strikes the mount) accom-
plished by a tested bird during a 20-min trial; and
(2) Mobbing intensity, i.e., the occurrence of mob-
bing events with physical contact (the bird hits the
mount during the mobbing event, usually with its
bill), contrary to non-physical mobbing.

2.3. Statistical analyses

A positive correlation in the mobbing frequency
was found between males and females of the same
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Table 1. Pair-wise test results for the total number of mobbing events performed by Red-backed Shrikes to
particular mounts. Test (f) values are shown down and left, and respective p values are shown up and right.

Probabilities are Bonferroni adjusted.

Kestrel Jay Sparrowhawk Magpie Pigeon
Kestrel - 0.52 0.16 >0.01 >0.01
Jay -0.65 - 0.45 >0.01 >0.01
Sparrowhawk 1.40 0.75 - >0.01 >0.01
Magpie -6.40 -5.75 -5.00 - 0.65
Pigeon 5.95 5.30 4.55 -0.45 -

pair (Spearman’s rank correlation: N = 36, r =
0.716, p <0.001), so the pair was counted as a unit
of repeated measures. To filter out the individual
variability in the mobbing behaviour, pairs were
added to the models as a hierarchical random fac-
tor.

The mobbing frequency was tested first. The
number of mobbing events towards all dummies
did not meet the assumption of normality so we
transformed data by In (number of mobbing events
+0.01) to improve the data normality. Generalized
linear mixed models (GLMM) with Gaussian
distribution and logit link function were used to
evaluate variation in mobbing frequency between
the five test species. Explanatory variables were
predator type, sex (within the tested pair), age of
nestlings, and the order of presentation of dum-
mies (within the tested pair and within the particu-
lar experimental day). Other explanatory vari-
ables, such as year, experimental location or dum-
my individual, could not be added as the model
would have run out of degrees of freedom. Never-
theless, as all tested predator (and control) species
were used in all years and on both localities with
the same proportion, the effect of these factors
should be negligible.

We then tested the mobbing intensity. Here,
the unit of repeated measures was mobbing event
(presence of a physical contact = 1, absence of a
physical contact = 0). GLMMs with binomial
distribution and logit link function were used to
evaluate the differences in the mobbing strength.
The explanatory variables were predator type, sex,
age of nestlings and the order of presentation. Pair
was added as a random factor. Only regularly-
mobbed mounts were included (Sparrowhawk,
Kestrel and Jay), as the total number of all mob-
bing events upon Magpie and Pigeon were 6 and

15, respectively, which does not allow for a bal-
anced design.

GLMMs were used in order to include the ran-
dom effect of the pair, by applying glmmPQL in R
2.12.1 (www.r-project.org). As the analysis out-
put did not provide general effects of particular
categorical explanatory variables with more than
two values on the variability of tested data, these
effects were assessed according to pair-wise com-
parisons of these variables. Therefore, results of
pair-wise comparisons within a multiple-value ex-
planatory variable (dummy type) are summarized
in tables (using ¢ tests as a criterion) and for possib-
le interactions between tested variables, both inter-
acting variables are listed. As pair-wise compari-
sons within a given model has specific vector ori-
entations, the values of the test criterion () may ac-
quire positive and negative values, depending on

160
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Mount type

Fig. 1. Numbers of all mobbing events performed
by particular shrike pairs towards particular mount
types during 20-min study trials.
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Table 2. The dependence of mobbing frequency in the Red-backed Shrike on mount type and shrike sex.
Mobbing events with and without physical contact, performed by males and females to particular mount

pairs, are tested. Probabilities are Bonferroni adjusted.

Comparison t df p

Male/Female x Sparrowhawk/Kestrel 0.59 153 0.56
Male/Female x Sparrowhawk/Jay 0.74 153 0.46
Male/Female x Sparrowhawk/Magpie 0.89 153 0.37
Male/Female x Sparrowhawk/Pigeon -1.02 153 0.31
Male/Female x Kestrel/Jay 0.16 153 0.88
Male/Female x Kestrel/Magpie 0.31 153 0.76
Male/Female x Kestrel/Pigeon -0.44 153 0.66
Male/Female x Jay/Magpie 0.15 153 0.88
Male/Female x Jay/Pigeon -0.28 153 0.78
Male/Female x Magpie/Pigeon -0.13 153 0.90

Table 3. Pair-wise comparisons of the proportion of
mobbing events with physical contact over all mob-
bing events (mobbing intensity), performed towards
particular mounts. Test (f) values are shown down
and left, p values are shown up and right. Probabili-
ties are Bonferroni adjusted.

Jay Kestrel ~ Sparrowhawk
Jay - >0.01 >0.01
Kestrel 6.02 - >0.01
Sparrowhawk  8.77 4.68 -

the position of the basal value in the comparison.
As the GLMMs had to be run repeatedly, having
various basal values in pair-wise comparisons, the
Bonferroni adjustment was used to adjust for mul-
tiple probabilities. For more details of GLMM, see
Zuur et al. (2009).

3. Results
3.1. Mobbing frequency

The age of nestlings (= 1.18, df =16, p =0.2554)
and the order of presentation of particular dum-
mies (t=1.10, df=156, p=0.2726) had no signifi-
cant effect on the mobbing frequency; therefore,
they were removed from the model. Only the
dummy type, sex of the shrike individual, and their
interaction was included in the newly-created
model.

Only the mount type significantly influenced
the number of mobbing events performed by

shrikes by dividing the mounts into two groups
(Fig. 1, Table 1). The first group contained Spar-
rowhawk, Kestrel and Jay, all of which obtained
large numbers of mobbing events, while Magpie
and Pigeon were only occasionally, if at all,
mobbed (Fig. 1). This difference was statistically
significant (Table 1). Male and female shrikes
mobbed the mounts with an almost equal rate
(t=-0.45, df = 153, p = 0.65). Interaction of both
tested explanatory variables showed no significant
effect (Table 2).

3.2. Mobbing strength

The age of nestlings and the order of presentations
did not significantly affect the mobbing strength (¢
=1.17,df=16,p=0.2574 and r=0.43, df = 156, p
= 0.6707, respectively), so they were removed
from the model. Hence only sex, dummy type and
their interaction was included in the newly-created
model.

Both the mount type and sex of shrike signifi-
cantly influenced the proportion of mobbing
events with physical contact, and these factors also
showed a significant interaction (Tables 3—4, Figs.
2-4). The Jay was physically mobbed more often
than Kestrel or Sparrowhawk, and Kestrel more
often than Sparrowhawk (Table 3, Fig. 3). Male
shrikes generally made contact more often during
the mobbing behaviour than did females (r = —
3.08, df=2292, p>0.01; Fig. 2) but this difference
was significant only for Sparrowhawk and Kestrel
(Table 4, Fig. 4).
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Table 4. The dependence of mobbing intensity in the Red-backed Shrike on mount type and shrike sex.
Mobbing events with and without physical contact, performed by males and females to particular mount

pairs, is tested. Probabilities are Bonferroni adjusted.

Comparison t df p

Male/Female x Jay/Kestrel 2.79 2,292 0.01
Male/Female x Jay/Sparrowhawk 2.46 2,292 0.01
Male/Female x Kestrel/Sparowhawk 0.36 2,292 0.72

4. Discussion

We did not find clear evidence for the hypothesis
that the frequency of mobbing behaviour would be
adjusted according to the apparent threat to the
nest contents. While the Jay was mobbed equally
as often as both raptors, the Magpie was mobbed at
arate equal to the control pigeon. Thus, nest preda-
tors (Jay and Magpie as a category) were not
mobbed more often than predators of adult birds
(Sparrowhawk and Kestrel). Red-backed Shrikes
primarily have to decide whether to use mobbing

%

n=25
mount type

Fig. 2. Proportion of attacks with (black parts of col-
umns) and without (white parts) physical contact,
performed by Red-backed Shrikes towards particu-
lar mount types. Sample size is shown under each
column (total n = 36). Only regularly-attacked dum-
mies were included, i.e., Magpie and pigeon were
excluded from this comparison. Total numbers of
attacks were 419 for Sparrowhawk, 1,316 for Kes-
trel and 643 for Jay.

in nest defence or not. The main criterion affecting
this decision may not be the threat to nest contents,
given the quite different responses to Magpie and
Jay. When shrikes mobbed the predator, the fre-
quency of this behaviour appeared more or less
equal towards each species. This may reflect the
fact that a common objective of mobbing is to
chase any predator away, which demands compa-
rable costs and brings about equal benefits (see
Dale et al. 1996).

Our second hypothesis — that mobbing inten-
sity would be adjusted to the threat to the defend-
ing birds — received some support. Mobbing inten-
sity, in terms of occurrence of mobbing events

%

female

male

sex

Fig. 3. Proportion of attacks with (black parts of col-
umns) and without (white parts) physical contact
performed by Red-backed Shrikes towards all
mount types pooled. Sample sizes were 1,411 for
males and 872 for females.
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mount type

Fig. 4. Proportion of attacks (black parts of col-
umns) and without (white parts) physical contact
performed by Red-backed Shrikes towards particu-
lar mount types. Numbers under sex (M = male, F =
female) show the number of included birds out of a
total of 18. Only regularly-attacked dummies were
included, i.e., Magpie and pigeon were excluded
from this comparison. Numbers of all attacks were
428 for Sparrowhawk (M = 297, F = 131), 1,323 for
Kestrel (M = 828, F = 495) and 551 for Jay (M =
287, F = 264).

with physical contact, upon the three regularly-
mobbed predators steeply decreased from Jay
through Kestrel to Sparrowhawk. This suggests
that the shrikes have an ability to discriminate not
only corvids from raptors, but also particular spe-
cies within raptors, and to assess their potential
risk.

Studies on the responses of breeding birds to
avian predators posing different levels of risk have
shown lower mobbing rates towards predators of
adult birds than to nest predators (Jacobsen &
Ugelvik 1992, Amat & Masero 2004, Hogstad
2005, Dale et al. 1996). The weaker mobbing of
predators of adult birds has been interpreted as be-
ing both the result of a lower threat to eggs or nest-
lings (Dale et al. 1996) and of a greater threat to
adults (Hogstad 2005). Our results agree with the
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above-listed studies in terms of intensity of mob-
bing. In most of these studies, the measured behav-
ioural response of birds usually comprises alert
postures, predator following and approaching,
whereas in our study, the responses were fly-overs
of the mount, decreases of the flight altitude and
even physical attacks. Such behaviour reflects a
willingness to take risks in the presence of a preda-
tor rather than an effort to chase it away. Our re-
sults thus do not contradict with the other works,
but this comparison shows the importance of a dif-
ferentiation between mobbing intensity and mob-
bing frequency.

Only a few studies have tested several preda-
tors of adult birds with varying levels of threat. Cu-
rio et al. (1983) presented three species of raptors
to Great Tits (Parus major) and found that their re-
sponses changed according to the potential threat
of the raptor against themselves. Conversely,
Kleindorfer et al. (2005) showed that Acrocepha-
lus warblers responded to predators according to
the threat to the nest. This contradiction can be ex-
plained by our results in that, besides the level of
the risk to adults or nest content, the mobbing be-
haviour is affected also by its target. Curio et al.
(1983) measured the willingness to approach the
presented mount, i.e., the willingness to risk. This
parameter was affected by the potential risk to de-
fending birds, as in our shrikes. Kleindorfer ef al.
(2005) measured a complex reaction score of re-
sponse comprising the distance from the mount,
latency of response and alarm calls. Alarm calls
were usually addressed to nestlings (Serra &
Fernandez2011), which is why this behaviour was
affected mainly by the potential threat of a pre-
sented predator to the nest.

We are puzzled by the apparent lack of re-
sponse by Red-backed Shrikes towards the Mag-
pie, in contrast to the frequent mobbing events
upon the Jay. The former apparently represents a
similar if not bigger threat to the nest, compared to
the Jay (Chiron & Julliard 2007). The Magpie is
larger and apparently more frequently preys upon
adult birds than the Jay (Tatner 1983, Cramp
2000), so it may represent a greater threat to the
adults. Some studies have shown that Blackbirds
(Turdus merula) have higher nesting success at
sites where Magpies do not occur but where Jays
are common, compared to sites with abundant
Magpies (Polakova & Fuchs 2006). Nevertheless,
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the reaction of the shrikes to the extremely danger-
ous Sparrowhawk was considerably stronger than
to the Magpie.

We hypothesize that the decision by shrikes to
actively defend the nest is affected not only by the
actual threat to the nest and/or the adults, but also
by the likelihood of success in chasing the predator
away, which may differ between the Sparrow-
hawk and the Magpie. If the former appears in the
vicinity of a shrike’s nest by chance and is sud-
denly attacked by aggressive parents, it flies away.
The Magpie, — which is known to prey on birds’
nests (Chiron & Julliard 2007), may well have a
priori experience of mobbing, and use this infor-
mation to search the area after a mobbing event for
the nest’s proximity. The effort not to disclose the
location of the nest might represent an optimal
antipredatory behaviour in such cases. Experi-
mental studies have shown high conspicuousness
of the mobbing behaviour and its effect on the
probability of nest survival (Krama & Krams
2005, Krams et al. 2007), so the zero activity in the
presence of a Magpie, demonstrated here, may re-
flect optimal behaviour as regards the parents’ fit-
ness. This trade-off was understood also by
Hogstad (2005) who found that Fieldfares (7Turdus
pilaris) ended chasing stoats (Mustela erminea)
from their nests which might have returned to prey
on the nests. Nevertheless, such an explanation as-
sumes that the Magpie is a more skilled and/or spe-
cialized nest predator than the Jay,, yet no studies
have truly compared the relative effects of the
share of Jays and Magpies on nest predation.

Our experiment suggests small differences in
the sex-related difference in mobbing frequency
for the Red-backed Shrike, which partly contra-
dicts other studies showing higher male activity in
nest defence (see Lima 2009 for a review). This
pattern is common in species where the male pro-
vides food not only for nestlings but also for the in-
cubating female, which is the case in the Red-
backed Shrike (Lefranc & Worfolk 1997). How-
ever, in our study, we observed a sex-specific re-
sponse difference when the nestlings were 5-10
days old. At this stage, the investment of the male
should be greater, as it feeds an incubating female
and subsequently feeds the nestlings with the same
frequency as the female (Lefranc & Worfolk
1997). The observed, strong correlation in the
mobbing frequency between male and female has

213

been shown rarely and only in birds with vigorous
nest defence (Hogstad 2005), though nest defence
may be more easily achieved if both partners par-
ticipate.

Mobbing intensity (strikes on the model ‘pred-
ator’) differed between males and females. Male
attacks were more acute than female ones, but only
in case of predators of adult birds (Sparrowhawk
and Kestrel), suggesting an important difference
between mobbing intensity and mobbing fre-
quency. Higher risk-taking by males may also be
explained by the generally higher aggression of
males, possibly caused by higher levels of testos-
terone (Wacker et al. 2010). However, Montgo-
merie and Weatherhead (1988) proposed there
were different allocations of energy in sexes with
different abilities to raise the offspring unaided, as
in the Red-backed Shrike (Lefranc & Worfolk
1997). Alternatively, females may be less active or
more reluctant to take risks during the defence
than males because of their different vulnerability.
Female Red-backed Shrikes are more cryptically
coloured than males (Lefranc & Worfolk 1997)
which may more often cause furtive behaviour and
therefore lower their activity during the nest de-
fence.
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Pikkulepinkiinen séitelee saalistajaan
kohdistamaansa héirinnin voimakkuutta
muttei panostamaansa aikaa arvioimalla
saalistajan itseensi kohdistamaa uhkaa

Tutkimme pikkulepinkdisen (Lanius collurio) ky-
kyd sdddelld aikuisten ja pesdn puolustustaan.
Kéaytimme pesien vierelle tuotuja, tiytettyja, ai-
kuisia lintuja saalistavia petolintu- (varpus- ja tuu-
lihaukka) seka pesid ryostivid varislintulajeja (ha-
rakka ja nérhi) sekd kontrollilajia (kesykyyhky).
Pikkulepinkaiset hatistivdt sddannollisesti varpus-
ja tuulihaukkaa sekd ndrhed, mutteivét harakkaa
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tai kesykyyhkya. Hatistelyyn kéytetty aika (hétis-
telykertoja/20 min) ei vaihdellut mainittujen hétis-
teltyjen lajien valilla.

Jos taas lepinkdiset yrittivét hatistad saalistajan
pois, voimakkuuteen ei vaikuttanut itse pesdin
kohdistuva potentiaalinen uhka (oletetusti suu-
rempi varis- kuin petolinnuilla). Pdinvastoin fyysi-
sen kontaktin siséltivien hatistely-yrityksien
osuus vdheni ndrhestd ja tuulihaukasta varpus-
haukkaan, vaikka viime mainittua pidettiin tdssi
vaarallisimpana. Pikkulepinkdiset saattoivat sia-
delld hatistelyn voimakkuutta arvioimalla itseensa
kohdistunutta uhkaa. Tuloksemme kertovat hatis-
telyn voimakkuuden ja ajallisen panostuksen erot-
tamisen merkityksestd pesépuolustuksen tutki-
muksessa.
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Abstract We compared the antipredation behavior of the red-
backed shrike against five European corvids including the jay,
nutcracker, rook, crow, and raven. These species differ in body
size and in the proportion of eggs and nestlings in their diets. The
jay and nutcracker are the smallest, the rook and crow are
middle-sized, and the raven being the largest corvid of all. The
jay, crow, and raven are habitual nest predators, whereas the
nutcracker and rook are not. The harmless pigeon was presented
as a control. We analyzed (1) the number of attacks executed by
shrikes against intruder presented close to shrike nests and (2)
the distance between the intruder and the shrikes during the trial.
The small corvids (the jay and nutcracker) were attacked signif-
icantly more intensively than the other, larger, corvids (the rook,
crow, and raven) and pigeon control. All three large corvids were
attacked as exceptionally as the pigeon. Shrikes approached
closer to the small corvids and the pigeon than to the large
corvids. These results imply that shrike antipredation strategy
is adjusted to intruder size, but not to the level of intruder nest
plundering specialization. Shrikes weigh up their ability to chase
a given intruder away and avoid pointless aggression against
large, undefeatable, intruders. This suggests that shrikes are able
to asses not only the dangerousness of the intruder but also the
potential advantageousness, or otherwise, of active defense.

Keywords Red-backed shrike - Lanius collurio - Nest
defense strategy - Antipredation behavior - Corvids
Introduction

Although corvids are not specialized predators, but mainly
generalized omnivores (Lockie 1956; Holyoak 1968), many
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37005 Ceské Bud&jovice, Czech Republic
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studies describe heavy predation pressure on avian nest con-
tent caused by them (Soderstrom et al. 1998; Schaefer 2004;
Bolton et al. 2007). The defense of nests against corvids has
thus been investigated in many experimental studies (see Caro
2005 for review). Of the European corvids, the hooded
crow—Corvus cornix (Meilvang et al. 1997; Hogstad 2004;
Csermely et al. 2006), carrion crow—Corvus corone (Roell
and Bossema 1982), jay—Garrulus glandarius (Gottfried
1979; Forschler 2002; Olendorf and Robinson 2008), ra-
ven—~Corvus corax (Bures and Pavel 2003; Csermely et al.
2006), and magpie—Pica pica (Drachmann et al. 2002;
Krystofkova et al. 2011) have been used most often in these
studies. Other European corvids, including the jackdaw (Cor-
vus monedula), nutcracker (Nucifraga caryocatactes), and
rook (Corvus frugilegus), have never been tested in such a
manner.

In passerines, most often a form of passive defense, such as
alarm calls (Knight and Temple 1988; Hatch 1997; Forschler
2002), or approaching close to the intruder (Olendorf and
Robinson 2008) have been observed. Physical attacks by
passerines against corvids are apparently less frequent
(Gottfried 1979; Hogstad 2004; Olendorf and Robinson
2008). The absence of antipredation behavior is very rare
(Drachmann et al. 2002). Overall, nest defense against corvids
seems to be a universal phenomenon among passerines.

In a previous study (Strnad et al. 2012), we investigated the
antipredation behavior of the red-backed shrike (Lanius
collurio), a medium-sized insectivorous passerine, against
various predators. We found that shrikes physically attacked
the predators of adult birds (the kestrel (Falco tinnunculus)
and sparrow hawk (Accipiter nisus)). In addition, from among
corvids, the jay was attacked as intensively as both raptors; on
the contrary, the magpie was almost never attacked—similarly
to the harmless control (pigeon, Columba palumbus).

We suggest two explanations for the unexpected difference
in shrike defense against the jay and magpie: Firstly, shrikes
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avoid drawing magpie attention to the nest. We hypothesize
that as the magpie is more specialized in nest plundering than
the jay and that active defense would notify it of the presence
of a nest in the close vicinity, the magpie would then be
motivated to search for the nest later, while the parents are
not present. Skutch (1949) already proposed that parental
activities around the nest could increase nest predation. Re-
cently, this hypothesis has been supported by the results of
Krama and Krams (2005) and Krams et al. (2007) which show
that conspicuous mobbing behavior increases the probability
of nest predation by a specialized predator. Secondly, shrikes
are physically unable to chase magpies away. The magpie is
slightly heavier and probably stronger than the jay (Cramp
et al. 1994) and moreover, it often occurs in groups (Vines
1981; Diaz and Asensio 1991; Cramp et al. 1994), so there is a
smaller chance of chasing it/them away from the nest. These
two hypothesized explanations are not strictly mutually
exclusive.

To gain a better understanding of the shrike’s antipredation
behavior against the corvids, we tested its response against
other corvids known from Central Europe including the nut-
cracker, rook, crow, and raven. For comparison with the
previous study, the jay was also included. These species differ
in body size but also in the proportion of eggs and nestlings in
their diets (see “Methods” for details). We tested three hy-
potheses: Shrikes will use active defense against (1) small
corvids only (the jay and nutcracker); (2) all corvids, which
are dangerous for eggs and nestlings only (the jay, crow, and
raven); and (3) the small corvid, which is dangerous for eggs
and nestlings only (the jay).

Methods
Study area

The study took place in the Doupov Mountains, near the town
of Karlovy Vary, in the west of the Czech Republic. The
experiments were conducted in the breeding season (from
June to late July) during the years 2005 to 2007. The study
area is located on the south border of the Hradist¢ military area
(50°10" N, 13°9" E). The prevalent landscape is that of farm-
land (old meadows or pastures with many shrubs) but without
settlements. In the study area, the red-backed shrike reaches
high breeding densities (up to 18 pairs/km?®; Némec, personal
observation).

Study species
The red-backed shrike was chosen as the model species. It is a
medium-sized insectivorous passerine, but it is also able to

hunt small mammals, other songbirds, or lizards (Tryjanowski
et al. 2003). It possesses a strong bill enabling it to defend its
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nest quite vigorously, via physical attacks (Tryjanowski and
Gotawski 2004; Strnad et al. 2012). Nevertheless, nest preda-
tion is the most common cause of nest failure of the red-
backed shrike (Tryjanowski et al. 2000; Roos 2002).

Five corvid species differing in size as well as in threat to
nest content were used as intruders in our experiment. Average
male’s weights of Czech populations (Hudec 1983) show that
the jay (170 g) and nutcracker (165 g) are the smallest of the
five, the rook (560 g) and crow (515 g) are middle-sized, and
the raven (1,330 g) being the largest corvid of all. In general,
corvids are considered to be potential nest predators (Lockie
1956; Holyoak 1968; Cramp et al. 1994). Indeed, the jay,
crow, and raven are confirmed as habitual nest predators
(Andrén 1992; Schaefer 2004; Weidinger 2009), whereas the
rook plunders nests only rarely (Holyoak 1968; Kalotas 1986
ex Cramp et al. 1994) and the nutcracker has never been
recorded to do so (Cramp et al. 1994). The crow and raven
occasionally chase adult birds or mammals (Hendricks and
Schlang 1998; Zduniak et al. 2008), whereas the other tested
corvids hunt adult birds very rarely (Hollyer 1970; Ehrlich and
McLaughlin 1988; Guex 1986 ex Cramp et al. 1994).

Experimental design

We tested the response of shrikes to the stuffed dummies of
the five aforementioned corvids and one nonthreatening con-
trol species (the pigeon). From 2005 through 2007, we exam-
ined 25 nests containing nestlings aged between 5 and 13 days.
All dummies were placed in an upright position, with their
wings folded, on a 1.5-m high pole, 1 m away from, but
facing, the nest. During installation, the tested dummies were
covered with a cloth to prevent early responses. All dummies
used were without aberrant plumage and were freshly made
by the same taxidermist. All six intruders were presented to
each tested pair of shrikes in random order. The time interval
until the presentation of the next dummy was 1 h from the
experimenter disappearance from shrikes’ territory. Each trial
(the presentation of one dummy) lasted 20 min from the
appearance of at least one parent. If the parents did not appear
within 20 min, the trial was terminated and included into the
data set as a zero response. The shrikes’ response was record-
ed on a DV camera placed on a tripod c. 50 m from the nest to
exclude its effects upon the birds’ behavior. The experimenter
abided quietly behind the camera during dummy presentation.
All experiments took place between 10:00 a.m. and
18:00 p.m., as long as the weather was suitable.

Direct attack is the most ostentatious feature of shrike
active defense. We analyzed the number of attacks executed
against the dummy, both with and without physical contact
with the dummy. Further, we evaluated the distance between
the dummy intruder and the individual perches used by the
shrikes after each change of position during the trial. We also
recorded feeding of nestlings events during presentation of
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each dummy. The behavior of females and males were ana-
lyzed separately.

Statistical analyses

Both analyzed variables (the number of attacks as well as the
distances between the intruder and tested shrikes) were log-
transformed [log (no. of attacks or meters+1)] in order to
bring their distributions closer to that of a normal distribution.
To assess the level of cooperation between mates within each
pair, we tested the correlation of the number of attacks be-
tween males and females within the pairs by Pearson’s corre-
lation coefficient. Since we found a strong correlation between
mates within a pair (»=0.826, r=17.84, df=148, p «0.001),
we decided to use pair identity as a random factor in both of
the statistical models described below. Tryjanowski and
Gotawski (2004) used the same method for analysis of similar
data with the red-backed shrike.

The dependent variable in the first statistical model was the
total number of attacks executed by individual shrikes against
the dummy. We used a linear mixed effect model (LME,
Pinheiro et al. 2012) with five variables used as fixed effect
factors: the intruder (with values “jay,” “nutcracker,” “rook,”
“crow,” “raven,” and “pigeon”); the order of the dummy
(continuous variable); the sex of the parent (values “male”
and “female”); the date in the season (continuous variable);
and the age of nestlings (continuous variable).

The dependent variable in the second statistical model was
the distance between the dummy of the intruder and individual
perches used by the tested shrikes after each change of posi-
tion during the trial. We used LME (Pinheiro et al. 2012) with
two variables used as fixed-effect factors: the intruder (with
values “jay,” “nutcracker,” “rook,” “crow,” “raven,” and “pi-
geon”) and the sex of the parent (values “male” and “female”).
Because the sample size for this model was huge (tested
individuals used 1-184 perches during the trial, in total 2,
783 perches were used), we decided to shift the level of
significance to 0.01.

The significance of the model terms were evaluated by
ANOVA using a partial F' test. The Tukey’s honestly signif-
icant difference (HSD) post hoc test was used to evaluate the
differences among intruder species. All statistical analyses
were computed in R 2.15.0 (R Development Core Team
2012), and all graphs were done in Statistica 9.0 (StatSoft,
Inc. 2011).
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Results
The number of attacks

Twenty of 25 tested shrike pairs attacked at least one of the
tested intruders. Only the intruder species (LME ANOVA: F's,

264=32.028, p «0.001) significantly influenced the number of
attacks executed against the presented dummy. The order of
dummies (LME ANOVA: Fs 564=1.458, p=0.204), the sex
of the parent (LME ANOVA: F| 364=1.196, p=0.275), the
date within the season (LME ANOVA: F ,,=1.206, p=
0.284), and the age of nestlings (LME ANOVA: F; 5=
3.237, p=0.086) were not significant.

Both the jay and nutcracker were attacked significantly
more often than all the large corvids and the pigeon (p <
0.001 in all comparisons); the jay was attacked significantly
more often than the nutcracker (p <0.019). All the larger
corvids were attacked as exceptionally as the pigeon (rook
p=0.982; crow p=0.771; raven p=0.451, respectively).
There were no differences within the large corvids (rook vs.
crow: p =0.988; rook vs. raven: p =0.884; crow vs. raven: p =
0.997). All aforementioned p values refer to the Tukey’s HSD
post hoc test and pertain to Fig. 1.

The distance from the dummy

Only the intruder species significantly influenced the distance
between the dummy of the intruder and the individual perches
used by the tested individuals during the trial (LME ANOVA:
Fs 275,=88.889 p«0.001). The sex of the parent was not
significant (LME ANOVA: F; ,75,=0.906, p=0.341).
Shrikes sat closer to the jay and nutcracker than to the pigeon
and the large corvids (p <0.001 in all comparisons). More-
over, they kept a greater distance from the large corvids (the
rook, crow, and raven) than from the pigeon (p <0.001 in all
comparisons). Hence, distance kept from the jay or nutcracker
was much shorter than from the large corvids (p <0.001 in
each comparison). All aforementioned p values refer to
Tukey’s HSD post hoc test and pertain to Fig. 2.

120 :|: _

©
o

Number of attacks
(]
o

30
L U I = .1
jay  nutcracker rook crow raven  pigeon
Intruder

Fig. 1 Number of attacks executed by nesting pairs of the red-backed
shrike (n=25) against intruders presented individually close to shrikes
nest. The filled-in square within each box-and-whisker drawing repre-
sents the median; the vertical span of the box represents the range from
the lower to the upper quartile; the range of whiskers represents the 5 and
95 % percentiles
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Fig. 2 The distances of sitting individuals of the red-backed shrike after
each change of their position during the presence of the intruder close to
their nests (n=2,783). The filled-in square within each box-and-whisker
drawing represents the median; the vertical span of the box represents the
range from the lower to upper quartile; the range of whiskers represents
the 5 and 95 % percentiles

The feeding of nestlings

No case of nestlings feeding occurred within any corvid
species presentations. In total, 22 cases of feeding were re-
corded within all presentations of pigeon.

Discussion

The tested shrikes attacked only the jay and nutcracker regu-
larly. Attacks against other corvids (the rook, crow, and raven)
occurred only sporadically, and the number of attacks executed
against these larger corvids did not differ from the number of
attacks executed against the harmless pigeon. Shrike behavior
towards the rook, crow, and raven was similar to behavior
towards the magpie in the previous study (Strnad et al. 2012).

The simplest explanation for why shrikes do not attack the
rook, crow, and raven is that shrikes assess them as dangerous
to themselves. However, this is in conflict with our previous
study (Strnad et al. 2012) where shrikes attacked even raptors,
including sparrow hawk which is specialized predator of small
adult passerines, including shrikes (Gotmark and Post 1996).
An alternative explanation is that, to the contrary, shrikes
assess them as not dangerous. However, shrikes keep a greater
distance from the rook, crow, and raven than from harmless
pigeon during the trials. Moreover, shrikes never fed nestlings
during the presence of any corvid, whereas they sometimes
fed them during the presence of the pigeon (22 cases in total).
Therefore, we can probably exclude the explanation that
the shrikes assessed the tested large corvids as harmless
and thus uninteresting.

Hence, we suggest that the third explanation is the most
likely that shrike passive behavior is an alternative antipredation
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strategy used to keep the nest unnoticed if a pair is unable to
expel the intruder by force. All nonattacked corvids, including
the magpie from previous study, (average male weight 208.6 g;
Hudec 1983) had greater body measurements than attacked ones
(see “Methods” for details). Thus, attacks against them probably
would not be very effective. On the contrary, ineffective aggres-
sion against a large undefeatable intruder may be counterpro-
ductive, because a long and noisy fight around the nest may
increase the interest of the expelled intruder or other predators in
the vicinity to search for the nest (Krama and Krams 2005;
Krams et al. 2007). On the other hand, study of the red-backed
shrike’s response to human intruder (Tryjanowski and Gotawski
2004) found that more aggressive parents have higher breeding
success than quieter individuals. However, in case of a predator
which was selected for plundering nests (and cannot be chased
away from the nest), the strategy of more aggressive nest
defense would lower the breeding success. Therefore, the ability
to recognize predators, to which the active defense is ineffective
may evolved in shrikes.

The effect of predator size on the choice of antipredation
behavior has been studied only sporadically. Palleroni et al.
(2005) tested the responses of domestic fowl (Gallus gallus) to
three predators of differing size, but with similar proportions,
coloration, and foraging strategies: a small raptor—the male of
the sharp-shinned hawk (Accipiter striatus, 23 cm), medium—
the female of Cooper’s hawk (Accipiter cooperii, 51 cm), and
large—the female of the goshawk (Accipiter gentilis, 62 cm).
While the large hawk is a danger to adults, the small one is a
danger only to chicks. In response to the goshawk, adults
tended to crouch, to look away, and to give aerial alarm calls.
In response to the sharp-shinned hawk, they tended to look
towards the predator with an upright, often ruffled posture and
were more likely to give ground alarm calls. There was an
intermediate response to the middle-sized hawk. Evans et al.
(1993) also confronted fowl with a similar task, but they used
variously sized, computer-generated silhouettes of raptors pre-
sented on an overhead video monitor. Big silhouettes elicited
more alarm calls than small ones. The magnitude of nonvocal
responses also increased significantly with stimulus size—
small silhouettes elicited visual fixation by the fowl, big silhou-
ettes elicited crouching. Klump and Curio (1983) passed large
and small models of the sparrow hawk (4. nisus) over the blue
tit (Cyanistes caeruleus). A life-size model inhibited locomo-
tion for up to 3 min, and elicited the “scolding” alarm call. A
small model inhibited locomotion for a shorter time (less than
1 min) and elicited the “seeet” alarm call. Curio et al. (1983)
found seemingly opposite results—the great tit (Parus major)
approaching a relatively large raptor, the tawny owl (Strix
aluco) at a shorter distance than the relatively smaller pygmy
owl (Glaucidium perlatum ). However, the pygmy owl is much
more dangerous than the tawny owl, since small passerines
prevail in the pygmy owl diet, whereas small rodents do so in
that of the tawny owl (Curio et al. 1983). All aforementioned
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studies investigated responses towards the predators of adult
birds. Tested individuals responded with only avoidance be-
havior or passive mobbing. Our results show that the usage of
active defense against the predators of nestlings can be strongly
affected by predator size. The red-backed shrike is able to
anticipate the effectiveness of its attack and use the attack only
in anticipation of a successful result.

It seems the shrike’s choice of nest defense strategy is not
affected by the given predator’s preponderance to nest plun-
dering. Firstly, responses (including passive sitting at a dis-
tance) to all larger corvids were identical; even though they do
not represent an identical risk regarding nest predation (nor the
predation of adult birds). Whereas the rook is herbivorous
(Holyoak 1968; Holyoak 1972; Feare et al. 1974;
Kasprzykowski 2003), the crow and raven often plunder nests
and occasionally hunt adult birds (Klicka and Winker 1991;
Hendricks and Schlang 1998; Opermanis et al. 2001; Zduniak
2006; Zduniak et al. 2008; Austin and Mitchell 2010). Sec-
ondly, both of the smaller corvids were attacked vigorously,
although only the jay plunders passerine nests regularly
(Soderstrom et al. 1998; Forschler 2002; Schaefer 2004; Ste-
vens et al. 2008). The nutcracker has never been observed to
plunder nests (Cramp et al. 1994), thus shrikes probably have
no individual experience with the nutcracker as a predator.
Therefore, it seems that shrikes assess the nutcracker as a
potential danger according to its overall appearance, namely
regarding its heavy beak, which it shares with other corvids.
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Abstract

Red-backed shrikes (Lanius collurio) behave quite differently towards two common nest
predators. While the European jay (Garrulus glandarius) is commonly attacked, in the pres-
ence of the Eurasian magpie (Pica pica), shrikes stay fully passive. We tested the hypothe-
ses that this passive response to the magpie is an alternative defense strategy. Nesting
shrikes were exposed to the commonly attacked European kestrel (Falco tinnunculus) in a
situation in which i) a harmless domestic pigeon, ii) a commonly attacked European jay, and
iii) a non-attacked black-billed magpie are (separately) presented nearby. The kestrel
dummy presented together with the magpie dummy was attacked with a significantly lower
intensity than when it was presented with the other intruders (pigeon, jay) or alone. This
means that the presence of the magpie inhibited the shrike’s defense response towards the
other intruder. These results support our previous hypotheses that shrikes use an alterna-
tive defense strategy in the magpie’s presence. We hypothesize that the magpie is able to
associate the active defense of the shrikes with the close proximity of a nest and that shrikes
try not to draw the magpie’s attention to the nest. The reason why this strategy is not used
against the jay remains unanswered as jays as well as magpies show very similar cognitive
and foraging skills enabling them to individuate the nest presence according to active
parental defense.

Introduction

Predator recognition and categorization is an essential cognitive ability enabling the optimiza-
tion of antipredator behavior [1][2]. Prey species may ignore the presence of a less dangerous
predator [3], while it must choose the appropriate antipredator behavior towards the special-
ized predators of adults or nests [4][5][6][7].

The red-backed shrike (Lanius collurio) shows a vigorously active nest defense behavior
towards various predators and nest parasites [8][9] including humans [10]. In our previous
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study [8] we tested shrikes’ responses to two corvid nest predators (Eurasian magpie Pica pica
and European jay Garrulus glandarius). While the jay was commonly attacked, in the presence
of a magpie shrikes stayed fully passive; despite the threat represented by both corvid species
being equal at first sight. They are both common nest predators of similar size [11]. Although,
there is evidence of differences in the intensity of defense responses towards various birds of
prey (e.g. [8][12]), owls (e.g. [13]), or corvids (e.g. [14]), such a qualitative difference in the
antipredator response towards two members of the same predator guild has never been shown.

In our previous study, we suggested that a likely explanation for the passive response of the
shrikes to the magpie is that it is a strategy designed not to draw attention to their nest rather
than an absence of interest [8]. There is little evidence for such behavior (e.g. [15][16][17])
because it is not easy to show that the absence of response is an alternative strategy. A more
often described alternative antipredator strategy is some form of distraction display ([18][19]
[20][21][22][23][24][25]; summarized in [2]).

In the present study, we tried to test the hypothesis that magpies are not attacked by shrikes,
because they use an alternative antipredatory strategy against it. We exposed shrikes to a mag-
pie together with another commonly attacked predator. This situation induced a multiple pred-
ator conflict (indexed as MPC hereafter). An MPC constitutes a situation in which a specific
defense response towards one predator may put the prey at greater risk of being threatened by
the other predator [26][27][28]. In this case, the best solution of the MPC is to choose the
response optimal for the more dangerous predator (reviewed [29]). If the goal of the shrikes’s
passive behavior in the presence of a magpie is not to draw attention to the nest, an active
response to another predator in the presence of the magpie would be counterproductive.
Assuming the shrikes regard the magpie as a greater danger than any other predator, the best
solution of MPC would be passive behavior.

We exposed the shrikes to two pairs of intruders: a European kestrel (Falco tinnunculus, a
commonly attacked, less dangerous predator of fledglings and adults) with a magpie (a non-
attacked nest predator) and with a jay (a commonly attacked nest predator). We tested the
hypothesis presuming that the shrikes’ passive behavior is an alternative defense strategy and
that shrikes consider the magpie as a greater danger than predators which are usually attacked.
In this case the shrikes would attack the kestrel less in the presence of the magpie than in the
presence of jay or a harmless bird species (control).

Methods
Study area

The study took place in the Doupov mountains, near the town of Karlovy Vary (Western Bohe-
mia; 50°10°N, 13°9E), the Czech Republic. Experiments were conducted during the breeding
season (from early June to late July) in the years 2011 and 2012 and between 10:00 and 18:00.

Study species

The studied species, the red-backed shrike, is a medium sized passerine bird. However it uses
active mobbing, including physical attacks, as an important part of its antipredator behavior
(8]10].

We chose the dummy of a small bird of prey, adult female European kestrel, as the intruder
immediately endangering the nest. The kestrel was the most attacked predator by the red-
backed shrikes in our previous study [8].

The dummies of a magpie, jay, and domestic pigeon were chosen as the bystander intruders,
which represent only a potential danger. The magpie and the jay are also similarly sized [11]
and known as the common predators of passerine nests [30][31][32]. The domestic pigeon is a
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harmless jay- or magpie-sized bird. In our previous study [8], the red-backed shrikes attacked
the jay intensively, while attacks against the magpie and the domestic pigeon occurred only
exceptionally. Shrikes are familiar with all of these intruders ([33]; personal observation).

Experimental design

Every pair of shrikes was successively tested in four trials: ‘the kestrel with the magpie’, ‘the kes-
trel with the jay’, ‘the kestrel with the domestic pigeon’, and ‘the kestrel alone’ (without the sec-
ond intruder). The sequence of these trials was random. We did not show any effects of the
order of presentation on shrike responses (Linear mixed effect model—indexed as LMM here-
after, Fp4 3 =0.17, p = 0.99; Fig 1).

All dummies were placed in an upright position with their wings folded. The kestrel was
placed 1m away from the nest on a 1.5 m high pole, facing the nest. The second intruder
(magpie, jay, or domestic pigeon) was installed 10 m from the nest, also on a 1.5 m high pole
facing the nest. We chose this distance on the basis of our previous research [34] showing that
shrikes only seldom attack the jay 10m away from nest. We used four different dummy speci-
mens of each species to avoid a bias caused by the dummy identity. All dummies were stuffed
by the same taxidermist in the same position. The dummy identity had no effect on shrikes’
responses (kestrel: LMM, F,4, 5 = 1.27, p = 0.86; magpie: LMM, F,4, 5 = 0.97, p = 0.92; jay:
LMM, Fy45 3 = 2.34, p = 0.71; pigeon: LMM, F,4, 3 = 0.11, p = 0.99). The defense behavior was
taped on DV Camera (Panasonic HC-V510).

Each trial (presentation of dummies) lasted 20 minutes. The time interval between the trials
was one hour allowing shrikes to calm down and supply food to their brood. During the years
2011 and 2012 we examined 20 nests with nestlings at an age of between 5 to 15 days. Female

100
1

number of swoops

T T T T
first second third fourth

trial

Fig 1. Number of swoops performed by shrikes against the kestrel dummies in particular trials. Line in
the middle refers to median, box shows 25—75% of data, whiskers show 10-90% of data and dots are
outliers.

doi:10.1371/journal.pone.0159432.g001
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and male behaviors were analyzed separately. We recorded the occurrence of any swoops both
with and without physical contact.

Statistical analyses

We created linear mixed effect models (LMM) with the random slope model arrangement
(random factor ‘individual ID’ nested in the random factor ‘pair ID’) to assess the effect of pre-
dictor variables (command Imer in R package Ime4 [35]). The response variable was the num-
ber of swoops performed by each individual tested shrike against the kestrel dummy during one
trial. In order to meet the demands of normal distribution these data were transformed by loga-
rithmic transformation [log (no of swoops + 1)].

The main categorical predictor variable, the type of bystander, had the following four values:
jay, magpie, pigeon, none. Other categorical predictors in the model were the sex of the shrike
(values ‘male’ and ‘female’) and the order of the trial within the sequence (values ‘first’, ‘second’,
‘third’, ‘fourth’). There was also one continuous predictor variable: the age of the nestlings.

The effects of the predictor variables were evaluated using a likelihood ratio test based on
Gaussian distribution and partial F-test. The Tukey HSD post-hoc tests were used to evaluate
the differences among the levels of categorical predictors.

To rank the models, AICc values were computed, and from these the difference in AICc
(AAICc) was calculated by subtracting the lowest AICc from all others. From this, as measures
of strength of evidence for each model, the relative likelihood (exp (0.5/AAICc)) and the proba-
bility or Akaike weight (relative likelihood/sum of all relative likelihoods*10) were computed
[36]. The models are shown in Table 1. The results of the model with the highest Akaike weight
are presented in Results (marked with bold font in Table 1). All statistical analyses were com-
puted in R 3.2.1 (R Development Core Team 2015).

Ethical note

This study was conducted in accordance with the valid laws and regulations of the Czech
Republic; in compliance with the Ethic Committee of the Faculty of Science, University of
South Bohemia, which approved this study. Behavioral experiments on the wild birds were
enabled by accreditation no. 13842/2011-30 and a license permitting experimentation with ani-
mals no. CZ01629 offered by the Ministry of the Agriculture of the Czech Republic. We have
observed that our activities influenced neither the life of the tested birds nor the fate of their
nests. Moreover the density of nesting shrikes in the tested populations has been stable for the
last 5 years.

Table 1. Model selection for the response variable from linear mixed effect models.

Response variable Model AlCc AAICc Relative likelihood Akaike weight
Log (no. swoops+1) Intercept 385.74 32.7 1.02 0.58
Bystander 353.04 0 1 0.57
Age 386.63 33.59 1.01 0.58
Sex 387.34 34.30 1.01 0.58
Bystander+age 354.13 1.09 1.58 0.90
Bystander+sex 354.63 1.59 1.37 0.78
Age+sex 388.22 35.18 1.01 0.58
Bystander+age+sex 355.7 2.66 1.21 0.69

Bold type indicates the best models, which were determined based on relative AICc values (AAICc) and computed relative likelihood and Akaike weights.
Intruder—the type of the intruder, order—the trial order within the sequence, age—the age of the nestlings, sex—the sex of the parent shrike.

doi:10.1371/journal.pone.0159432.1001
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Fig 2. Number of swoops performed by shrikes against the kestrel dummies presented together with
three bystander dummies (jay, magpie, pigeon) or alone during the 20-minutes lasting trial. Line in the
middle refers to median, box shows 25—75% of data, whiskers show 10-90% of data and dots are outliers.

doi:10.1371/journal.pone.0159432.g002

Results

Only the type of bystander affected the number of swoops the shrikes performed against the
kestrel (Fig 2, Table 2). Post hoc Tukey HSD tests showed that the kestrel presented with the
magpie bystander was attacked less than kestrel presented together with the jay (z = -3.21,
p<0.01), pigeon (z = -3,82, p<0.01) or alone (z = -6,21, p<<0.01). The number of swoops
towards the kestrel in other trials did not differ (Tukey HSD test; kestrel with jay x kestrel with
pigeon: z = -0.29, p = 0.98; kestrel with jay x kestrel alone: z = -2.53, p = 0.08; kestrel with
pigeon x kestrel alone: z = -2.10, p = 0.10).

Discussion

In concordance with our hypothesis, the kestrel dummy presented together with the magpie
dummy was attacked with a significantly lower intensity than when it was presented with the
other intruders (pigeon, jay) or alone. This means that the presence of the magpie inhibited the
shrikes’ defense response towards the other intruder.

Table 2. Factors influencing intensity of mobbing (humber of swoops) performed by shrikes against
the kestrel (LMM).

numDF denDF F-value p-value
Intruder type 3 242 31.27 <0.01
Age of nestling 1 242 0.08 0.91

doi:10.1371/journal.pone.0159432.t002
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Our new results further show that 1) shrikes are able to solve the MPC arisen from the co-
occurrence of a predator, towards which the active nest defense is effective; and a predator,
towards which the active nest defense is not effective; 2) shrikes are able to solve this MPC
although the predator towards which the active nest defense is effective represents a greater
threat than the predator towards which the active nest defense is not effective.

Our results support the hypothesis that the passive behavior of shrikes in the presence of
magpies is not an expression of indifference but an alternative defense strategy, and that shrikes
perceive the magpie as being more dangerous than the kestrel. The results also concur with
(but do not corroborate) our previous hypothesis [8] presuming that shrikes choose an alterna-
tive defense strategy against a magpie because active defense may draw attention to the nest.
There is evidence for the suppression of active nest defense as an alternative antipredator strat-
egy in birds ([37][38]), though the number of such studies is in striking contradiction to the
fact that there is broad evidence in the literature that mobbing can attract a predator's atten-
tion [39][40][41][42][43][44][45][46].

Unfortunately, based on our results, we cannot explain why shrikes consider active defense
risky against a magpie and not against a jay. It has been proven in other bird species that they
commonly drive jays away from the nest ([38][47][48], but see [49]), while in presence of a
magpie parents avoid any interaction with it [50][51]. Nevertheless, in these studies, there are
no comparisons with responses to other predators. There are a few alternative explanations for
the different responses of shrikes towards jays and magpies which can be meditated.

Firstly, a magpie may devote greater effort to searching for nests. When compared to the
diet of the jay, the diet of magpies is biased towards vertebrate prey including adult birds, small
mammals, reptiles, and carrion [52][53]. Moreover, it has been documented that magpie pre-
dation can affect the nest success and density of songbirds [31][54][55][56][57], including
shrikes [58]. Nevertheless, there is no evidence that magpies, rather than jays, are able to indi-
viduate the presence of the nest according to other signals e.g. the excitement of parents. It has
been shown that predators have the ability to be attracted to the nest by parents’ alarm calls
[44][45][46], but in such cases the predators are assumed to have developed spatial cognition
and sometimes, to some extent, memory. Both these cognitive skills are quite well developed in
magpies and jays. In general Corvids are more successful in mental and cognitive tests than
other bird groups [59][60]. In laboratory tests the performance of jays and magpies in terms of
long-term spatial memory (magpies [61], jays [62]) or object permanence (magpies [63], jays
[64][65]) was almost equal.

Another parameter which eases the searching of predators for nests is the social system of
magpies and jays [59][66][67]. Both of them live in family groups (magpie [30][68][69], jay
[70]) and are able to obtain information in a social context [70][71][72][73][74][75].

Altogether, the difference between magpies and jays in terms of their ability to individuate
the presence of a nest based on parental excitement is very small, at least from the human point
of view.

Another potential explanation may reside in the different experience of shrikes with jays
and magpies, probably in terms of evolutionary history rather than individually. Jays and mag-
pies are ecologically very similar, both congregate in open landscape with fragmented forests,
although jays are more specialized to forests and magpies to the open landscape [76]. Shrikes
may thus have more evolutionary experience with the magpie, as they both are probably pri-
marily birds of open habitats with scattered shrubs and trees.

This brings us to the question of how shrikes have obtained the ability to suppress active
nest defense behavior. We may hypothesize several scenarios leading to the acquisition of such
a skill: 1) The shrikes’ behavior activated in the magpie’s presence is inborn, this ability was
selected only against the magpie, because the magpie has a longer co-evolution with the
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red-backed shrikes. Shrikes displaying the alternative strategy have a significant evolutionary
advantage, while shrikes showing active nest defense have been selected out of the population.
2) The shrikes’ behavior activated in the magpie’s presence is based on the individual experi-
ence of particular birds. This presumes the development of a good long-term memory or a spe-
cialized, episodic-like memory [77]. The occurrence of an episodic-like memory or a what-
where-when memory [78] has never been shown in shrikes. Nevertheless, shrikes are known
for their impaling behavior—storing prey on thorns within their territory [79][80], which
probably places some demands on their spatial memory skills. 3) The shrikes’ behavior acti-
vated in the magpie’s presence is transferred from parents to their offspring or from other
shrikes in the population. This explanation also presupposes quite high cognitive abilities in
shrikes, which must be involved in the shrike’s antipredator behavior, because the magpie rep-
resents a cognitively well-developed adversary. Thus, the two cognitively developed species in
mutual combat may represent an interesting model system for the study of the cognitive abili-
ties of birds.

Our results did not show any effect of the order of the dummy presentation. This suggests
that there was no reinforcement during the course of four trials. This is seemingly in contrast
to our previous results [81], showing that imperfect dummy is attacked more when presented
after a perfect one as a results of priming. As the dummies of kestrel in our experiments were
equally perfect, we did not show any such effects. Nevertheless, both these results show no
effect of habituation, shrikes were always very active, despite the daytime or the time spent
attacking the dummies.

Taken together, the existing scientific knowledge finds only small differences in the cogni-
tive abilities and foraging mode of magpies and jays but shrikes respond to their presence with
a completely different (and proper) strategy. The behavior of shrikes suggests that the magpie
is a more dangerous predator than the jay and this presents new challenges to our understand-
ing of the shrike’s motivation in choosing such different antipredatory strategies in response to
such seemingly similar predators.
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Abstract Accurate recognition of a predator is the nec-
essary precondition for adequate antipredatory behaviour.
We used feeder experiments to examine whether birds
adopt the appropriate antipredatory response according
to the level of threat posed by predators. The results sup-
port the idea that the tits made a decision on the threat
level. The tits distinguished among equally sized obligatory
predators (sparrowhawk, kestrel), an occasional predator
(jay) and a harmless bird of similar size (pigeon) and a
smaller harmless bird (thrush). The presence of both birds
of prey was associated with a considerable reduction in the
number of feeder visits when compared with the harmless
birds. The number of visits to the feeder that had a dummy
jay positioned on it did not significantly differ for harmless
birds or for predators. Different sizes of harmless birds did
not influence the tits’ behaviour. The increasing risk low-
ered not only the number of visits to the feeder but also the
success of the visit, pecking rate, and the direction of
arrival to the feeder. Generally, birds assessed the risk
during food searching, evaluated the situation, and adapted
their behaviour accordingly.
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Winter experiments
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Introduction

The ability to avoid predators is a very important pre-
condition for fitness in wild animals (Devereux et al. 2006).
Antipredatory behaviour (e.g. escape or mobbing) is usu-
ally energetically exacting (Krams and Krama 2002). In
addition to direct costs, antipredatory behaviour also pre-
vents further activities, most specifically food searching. A
repetitive daily trade-off between the need to search for
food and yet avoid predators occurs throughout the ani-
mal’s life (Devereux et al. 2006). Underestimating the
danger posed by an animal can be fatal. On the other hand,
the evaluation of a harmless animal as threatening can also
be detrimental (Caro 2005). Accurate recognition is the
first step in effective predator avoidance. Predator recog-
nition demands not only distinguishing between predators
and harmless animals but also between predatory levels of
threat.

Studies on predator recognition that compare both
dangerous and harmless animals have been made during
the breeding period within the scope of mobbing trials by
birds defending their nests. Small passerines have been
studied in many experiments (tits Parus spp., e.g. Curio
et al. 1983; Rytkonen and Soppela 1995; Reed Warblers
Acrocephalus spp., e.g. Kleindorfer et al. 2005; Red-win-
ged Blackbird Agelaius phoeniceus, Knight and Temple
1988; American Goldfinch Carduelis tristis, Knight and
Temple 1986), because nest predation is the principal cause
of passerine nesting mortality (Schmidt and Whelan 1999).
These studies showed that parents respond differentially
according to the threat posed by different predators (Caro
2005). The ability to recognise harmless and dangerous
objects was proved in almost all the studies.

The recognition and evaluation of differentially dan-
gerous predators is less studied. Often, predators of adults
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were compared with predators of broods (e.g. Buitron
1983; Jacobsen and Ugelvik 1992; Rytkonen and Soppela
1995). The comparison of more or less dangerous predators
has been less frequent (Patterson et al. 1980; Buitron 1983;
Curio et al. 1983; Jacobsen and Ugelvik 1992; Clemmons
and Lambrechts 1992; Kleindorfer et al. 2005), and dif-
ferences have been found in hunting capabilities and
technique (aerial vs. land). Therefore, a different reaction
does not necessarily express the recognition of a predator
species. The reaction of birds to a predator of adults or
broods will also be different. Birds’ decision-making in
active nest defence is quite complex. Threats to adults or
broods, as well as the actual threat arising from the situa-
tion (e.g. the age of offspring or the distance of a predator
from the nest), have to be taken into account (Kleindorfer
et al. 2005). The results of these experiments often reveal
ambiguity in the bird’s abilities to recognize individual
predator species.

Previous studies outside the breeding season were
mainly focused on vocal signals given to conspecifics and/
or to a predator. Templeton et al. (2005) found that calls of
black-capped chickadees (Poecile atricapilla) were likely
to contain information about the degree of threat (body
size, wing-span) that a predator represented, but not precise
discrimination between raptors and mammals. Siberian
jays (Perisoreus infaustus) recognized and communicated
predator category (owls, birds of prey, corvids), predator
species (goshawk, sparrowhawk, hobby, hawk owl, etc.)
and predator behaviour (perching, searching, attacking) to
other group members (Griesser 2008, 2009). Similarly,
Palleroni et al. (2005) showed that domestic fowl produced
highly distinctive responses to three raptors of varying
sizes while controlling for as many other differences
between the raptors as possible. Chickens tended to show
highly evasive responses to the largest raptor, and more
aggressive responses to the smaller raptors. Predators of
different sizes appeared in all these studies, and it is
unclear whether tested birds were able to recognize indi-
vidual predator species.

Winter experiments at a feeder offer another method to
study risk assessment in passerines outside the breeding
season. We can examine the simple interaction between the
need for predator avoidance and that of feeding when
exposing birds at a feeder to the presence of a predator.

The majority of studies that have attempted to manip-
ulate the risk of predation on a feeder were conducted in
aviaries, and they have often yielded inconclusive results
(Gentle and Gosler 2001). They examined how bird mass
changes in the presence of a model predator (Lilliendahl
1997, 1998, 2000; Pravosudov and Grubb 1998; Carrascal
and Polo 1999). Others assessed the effect on corticosteron
response (Cockrem and Silverin 2002) or foraging trade-off
(Van der Veen 1999; Devereux et al. 2006; Lind et al.
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2005). Only three studies altered the risk of predation in
field experiments using a feeder. Gentle and Gosler (2001)
and MacLeod and Gosler (2006) investigated the effect of
predator presence on fat reserves in a manner similar to
what was done in the aviary experiments. Desrochers et al.
(2002) assessed whether exposure to mobbing calls or a
stuffed predator elicited changes in risk perception on the
feeders at various distances from the forest edge. The
results of the afore-mentioned studies suggest that birds are
able to react in a complex way (in field experiments using
feeders) and can even change their physiology quite
quickly.

The inconclusive results from aviary experiments could
be caused by stress from handling or from being kept in an
experimental cage. Because of the contradictory nature of
the results from aviary experiments, we opted for field
feeder experiments. We aimed to investigate whether birds
select the correct antipredatory response according to the
danger posed by predators. We tested reactions to aerial
“predators” only (except for an artificial object), because it
is very hard to compare the relative potential dangers of
terrestrial and aerial predators. Moreover, as we used
dummy predators, we assumed that any differences in
perception would be similar for all bird species. We tested
sparrowhawk, kestrel, jay, pigeon, thrush, and a lump of
cotton wool (similar in size to a pigeon) as the potential
predators. The two birds of prey (sparrowhawk, kestrel) are
similar in size but differ from each other in feeding spe-
cialisation (Gotmark 2002). The sparrowhawk is the most
dangerous predator for small passerines (Rytkdnen et al.
1998), while small mammals predominate in kestrels’ diet
(Kubler et al. 2005). A differential reaction to them should
show that the tested birds recognized individual predator
species and not just their size. The same applies to the jay
and pigeon. The jay is an important predator of eggs or
hatchlings (Shields 1984; Ehrlich and McLaughlin 1988;
Reyer et al. 1998). A jay’s ability to hurt other birds is very
limited, but not impossible (Ehrlich and McLaughlin 1988)
and a jay cannot be regarded as completely harmless. This
should not be the case for the pigeon and thrush as they can
only play the role of competitors. A pigeon could be per-
ceived as more dangerous due to its bigger size. The last
object was the lump of cotton wool, which should represent
an unknown artificial object, to which birds have no prior
experience.

The following hypotheses were tested: (1) the presence
of predators (sparrowhawk, kestrel) reduces feeder use
more than the presence of other “objects”; (2) the presence
of the sparrowhawk reduces feeder use more than the
presence of the kestrel; (3) the presence of the jay reduces
feeder use more than the presence of the pigeon and thrush;
(4) the presence of the pigeon reduces feeder use more than
the presence of the thrush; (5) the presence of the thrush
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and cotton do not reduce feeder use; and (6) birds visiting
feeders with predators are more vigilant and less successful
than those visiting feeders with harmless bird.

Materials and methods
Study site and species

The experiment was undertaken during the winter of
2005/2006 in a marshy, broad-leaved woodland area near
the village of Chodska Lhota (49°21'15"N, 30°47'25"W),
West Bohemia, Czech Republic. The experiments were
conducted during 13 weekends (experiments started on
Saturday) in November (3, 10, 17, 24) January (1, 14, 21,
28), February (4, 11, 19, 26), and partly in March (12). The
site is 640 m above sea level, and is one of the colder parts
of Bohemia (it was a particularly harsh winter). The site
was situated in a shrubby area along a stream, which served
as a corridor for birds.

Four species of tit, great tit (Parus major), blue tit
(Cyanistes caeruleus), marsh tit (Poecile palustris) and
willow tit (Poecile montanus), were used as experimental
species, as they are the most common and abundant species
in the area during the winter season. We also recorded a
few arrivals of different bird species (e.g. chaffinch
Fringilla coelebs, Blackbird Turdus merula), but were
unable to analyse them statistically due to the scarcity of
their arrivals.

Experimental design

The feeder was positioned in a small clearing, surrounded
by mixed deciduous woodland and shrubs, where the
shortest distance to cover was 4 m. The shrubs served as a
relatively safe lookout point for the birds. The feeder was a
large (75 x 75 cm—because of suppression of competi-
tion among attendant birds) desk lying on the ground with a
raised edge to avoid the scattering of food. Between
experiments, the feeder was covered by a roof and sun-
flower seeds were used as food. Sunflower seeds were
attentively removed and replaced by grated walnuts just
before the trial. Grated walnut was used because the extra
effort required by the birds to feed forced them to remain
longer at the feeder (Desrochers et al. 2002). Tits carry
away sun-flower seeds and consume them under cover,
whereas the grated walnuts have to be pecked at the feeder.
Stuffed models of a sparrowhawk, kestrel, jay, pigeon,
thrush, and a lump of cotton wool (similar size of a pigeon)
were used as the tested “predators”. All the dummies were
new and made by the same dummy maker. They were
placed on a 75-cm-high stake at the rear right corner (from
the camera) of the feeder and always faced the feeder.

Thus, birds arriving at the feeder from the left and front
sides (from the camera) were coded as arriving head on to
the dummy, and birds arriving from the right and rear sides
were coded as arriving from behind it.

Each series of six trials with dummies was distributed
within the two contiguous experimental days. The
sequence of six dummies within each series was randomly
arranged. Individual trials lasted 30 min and they were
separated by 30-min-long breaks that were also video-
taped. One of these breaks (including 30 min before the
first experiment) was then randomly chosen and used as the
control. There were 5 days between each series. Each
experimental day started with a control trial and ended with
a trial with a dummy.

Each experimental day started half an hour after day-
break. The experimental feeder was recorded the full
length of the experiments. The camera was set up in a fixed
position facing the experimental feeder and 15 m away.
Snow cover and temperature were noted for each experi-
mental day. There were 13 series conducted, resulting in
6 x 13 half-hours of trials with dummies (“objects”) and
13 half-hours of control trials.

In total, 42,326 arrivals of tits were recorded, but those
obviously included many pseudoreplications (repeated
arrival of one individual). Therefore, only the first arrivals
of ringed birds to each of the trials (both experimental and
control) were used in the analysis.

The birds were mist-netted continuously during the
winter, and the trapping effort was constant at about 50
birds per ringing day. Mist-nets were in use the day before
each experiment (Friday) just around the feeder and 634
birds were ringed during the winter. Each trapped indi-
vidual was both fitted with a standard metal leg-ring with a
unique number and an individual combination of colour-
ring was then fitted under the license (Czech Ringing
Association, 1062). Each bird was thus uniquely identifi-
able on videotape. We revealed great alternation of birds
on our feeder. Only 44.41 + 1.1 (mean = SD) % of birds
ringed during one series stayed until the next series (7 days
later) and, having appeared once during the series, the bird
usually arrived 6.101 £ 1.01 times to the feeder but only
during 4.1 + 1.78 unique trials. Only 20.91 & 4.8% birds
stayed until the third series (14 days later) and 2.8 + 1.1%
of ringed birds appeared again in the fourth series (22 days
later).

Statistical analysis

To avoid pseudoreplication, all the presented models and
analyses were counted for the first visit of a ringed bird
under unique experimental situation. Thus, the individual
bird was included only once in each of six experimental
trials and one random control. One bird could thus come
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maximally seven times into the analysis and no more than
once under the same treatment. Therefore, 2,752 visits of
634 ringed birds were included in analyses.

The number of visits was entered into the GLM model
(R 2.10.1, R project 2008). The following explanatory
variables were used: dummy (6 dummies and 1 control),
bird species (4 species), series (1-13), and 2-way interac-
tions were included. Snow (cm) and temperature (°C) were
added as a continuous variable in the model. The data had a
Poisson distribution and link function log was used. The
Tukey post hoc test in R (Hothorn et al. 2008) was per-
formed in the multcomp package (function glht) of the R
software, for the variable dummy.

Another GLM (function glm in basic library, gaussian
distribution) model was constructed for the pecking rate
(the number of pecks per second). The experimental situ-
ation (all dummies and control) at the feeder and series, tit
species and 2-way interactions were used as explanatory
variables. Temperature and snow cover were added as
continuous variables in the model.

To examine the success of visits (successful = bird
pecked at least once, unsuccessful = bird did not peck) and
the direction of arrivals (head on to dummy, from the
back), another two models (glm, R) were constructed in a
similar manner as for pecking rate. The data had a binomial
distribution and the logit link function was used. Tukey
post hoc tests (multcomp package, glht function) were
conducted to reveal differences between individual dum-
mies for all dependent variables.

To examine temporal patterns, the number of arrivals
during individual trials with dummies was analysed using
ANOVA. The number of arrivals for 5-min-long intervals
within individual trials was then compared (repeated
measure ANOVA) to reveal any possible habituation to a
motionless predator. These statistical calculations were
made using STATISTICA 8 for Windows (StatSoft 2007).

Results

The number of visits in a trial were significantly influenced
only by the type of presented dummy and by temperature—
dummy interaction (Table 1). Comparison of the number
of arrivals to individual dummies revealed significant dif-
ferences between predators (sparrowhawk, kestrel) and all
“harmless trials” (pigeon, thrush, cotton, control). There
were no significant differences within these two groups.
The jay was somewhere in between these groups, but
insignificantly different from either (Fig. 1).

The success of individual visits to the feeder (success-
ful = bird pecked at least once, unsuccessful = bird did
not peck) was significantly influenced by the type of pre-
sented dummy, tit species, and type of dummy in
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interaction with snow layer or temperature (Table 1). Post
hoc testing divided dummies into three groups (Fig. 2).
There was no significant difference within predators
(sparrowhawk, kestrel, P = 0.76) or within “harmless tri-
als” (control, cotton, thrush and pigeon, P > 0.08) while
there was a difference between these two groups
(P < 0.02). The jay formed the third group differing sig-
nificantly from all other trials. These results were similar
for all tit species. The success of the great tit was signifi-
cantly lower than success of the other tit species (Tukey
post hoc test; Fig. 4).

The pecking rate (measured as number of pecks per
second) was influenced by the dummy presented at the
feeder and by dummy type in interaction with snow layer
(Table 1). The post hoc test separated only the control from
both predators (sparrowhawk: P < 0.001, F = 4.53; kes-
trel: P = 0.008, F = 2.36) and thrush from sparrowhawk
(P = 0.042, F = 3.01). The birds visiting the feeder with a
bird of prey, pecked more slowly (sparrowhawk
1.261 £ 0.052, kestrel 1.245 £ 0.063) than in the presence
of the thrush (1.576 £ 0.068) and during the control
(1.507 £ 0.082).

The direction of arrival to the feeder differed signifi-
cantly for individual dummies and tit species (Table 1).
The interactions snow with temperature, temperature with
series and snow with series also had a significant influence.
All tit species arrived when more dangerous dummies
(sparrowhawk, kestrel, and jay) were present less often
from the rear and more often head on (Fig. 3). The 50%
(e.g. trial with pigeon) of arrivals head on to the feeder
mean that tits did not care about the direction of arrival and
arrived accidentally. Great tits arrived significantly more
head on to the predator than the other bird species. On the
other hand, blue tits approached the feeder more randomly
than the other birds. There was no difference in the
direction of arrival of willow and marsh tits (Tukey post
hoc test; Fig. 4).

The birds did not get accustomed to dummies as there
was no effect of the order of series during the winter
(Table 1). Moreover, the number of arrivals during the
individual trials did not change significantly either (repe-
ated measures ANOVA for 5-min intervals, interval:
dummy, F6,30 = 042, P = 0213)

Discussion

The results support most of our hypotheses because tits
made decisions on the basis of threat level. On the other
hand, we did not confirm the ability of birds to distinguish
between two differently dangerous predators of the same
size. Both predators (sparrowhawk, kestrel) lowered not
only the number of arrivals at the feeder but also pecking
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Table 1 Factors affecting (R, generalized linear model) the number
of arrivals (Poisson distribution, log link function), pecking rate
(Gaussian distribution, Identity link function), success (binomial

distribution, logit link function), and direction of arrival (binomial
distribution, logit link function)

df Number of arrivals Pecking rate Success Dirrection of arrival
F P F P F P F P
Dummy 6 23.17 <0.001 14.03 <0.001 64.03 <0.001 97.6 <0.001
Bird 3 0.27 0.847 0.05 0.921 11.73 0.043 58.76 <0.001
Snow 1 3.11 0.079 1.76 0.115 2.53 0.102 1.42 0.234
Temperature 1 3.08 0.062 0.19 0.656 0.38 0.642 1.54 0.233
Series 1 7.066 0.073 <0.01 0.981 0.58 0.44 1.85 0.241
Dummy: snow 6 0.595 0.733 6.88 <0.001 4.51 <0.001 0.56 0.881
Dummy: temperature 6 3.474 0.003 1.89 0.83 26.5 <0.001 1.49 0.124
Snow: temperature 1 0.003 0.957 2.34 0.22 0.11 0.737 11.7 <0.001
Dummy: bird 18 0.472 0.966 0.05 0.87 1.08 0.09 1.29 0.200
Bird: snow 3 0.145 0.932 <0.01 0.918 1.06 0.345 1.38 0.249
Bird: temperature 3 0.062 0.979 0.06 0.78 2.56 0.077 1.16 0.310
Dummy: series 6 0.999 0.427 1.01 0.42 0.54 0.090 0.566 0.891
Snow: series 1 0.383 0.537 2.74 0.071 0.64 0.422 74 0.011
Temperature: series 1 0.467 0.496 0.01 0.942 0.04 0.841 53.96 <0.001
Birds: series 3 0.041 0.988 0.01 0.897 3.76 0.068 0.63 0.53
Significant values are marked in bold
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rate, success of realized visits, and even the direction of
arrival to the feeder. In the presence of a predator, the tits
that risked arrival left the feeder site after a longer time,
with lower energy gain (low pecking rate), and very often
without consumption at all (without success). The success
of birds shows that the bird at least considered taking the

risk of bending down in the presence of a potentially
dangerous object. The speed of pecking shows how long a
bird is willing to stay with his head down, without the
possibility to control for the predator’s behaviour. Birds
apparently used the period of stay without consumption to
assess the risk of the dummy. This result seems to be
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contra-intuitive. We expected that a risk-taking bird would
take advantage of being alone at a feeder, and would feed
as quickly and as much as possible. The results suggest
overall that the period of stay at the feeder without con-
sumption might be used for predator identification and
controlling. We have to take into account that only a few
birds visited the feeder with a predator present and per-
formed such unexpected behaviour. These birds were not
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only young individuals, and this behaviour can be most
likely explained as inexperience because most of these
birds elicited delayed alarm calls. A similar delayed
response to a predator was found by Cresswell et al.
(2009), who worked on the use of freezing behaviour for
risk assessment in chaffinches (Fringilla coelebs). He
explains delayed response in chaffinches as the functions of
an effective economic risk assessment period.
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Fig. 4 Success of visits on the
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Finally, the number of arrivals from behind the predator
and jay dummies decreased and birds approached head on
more often. This can be due to the effort to control for a
predator’s behaviour during an arrival. Dummies “were
looking” at the feeder and birds approaching from the rear
had to pass over them. Similar behaviour has not been
described until now, but Kaby and Lind (2003) discovered
that blue tits reacted to sparrowhawks earlier when arriving
from the side rather than from the rear. Generally, birds
appear to assess the risk during food searching, evaluate the
situation, and adapt their behaviour accordingly.

Tits seem to evaluate the sparrowhawk and kestrel as
being equally dangerous, because both lowered the number
of arrivals equally. This holds even though the sparrow-
hawk is a specialized predator of small passerines (Rytkonen
et al. 1998; Gotmark 2002) and should represent a bigger
threat. There could be two causes: tits were not able to
distinguish between either predators or they really evalu-
ated them as the same threat level. Tits could evaluate the
kestrel as more dangerous in winter than in summer,
because of an increasing proportion of small birds in their
food (Kubler et al. 2005). Our assumption was made for a
natural predator foraging situation, however, and not when
the predator is literally sitting near the feeder. From that
distance, both raptors could be similarly lethal if prey were
to approach them. Comparing our work with the available
literature, we noted an overall higher number of arrivals
with both predators than could be expected. This could be
due to the conditions of our experimental setting that was

Great tit Marsh tit Willow tit

Tit species

reducing the perceived risk of all dummies (approving
mainly on the dangerous ones). The feeder was surrounded
by shrubs on three sides, where the tits could hide, within
4 m from the feeder. However, this hypothesis is not
supported by Desrochers et al. (2002) who studied changes
in risk perception at feeders separated from tree cover by a
strip of open area with widths of 0.6 and 10 m. When a
stuffed merlin was present sitting near the feeder, chicka-
dees only rarely visited the feeder, regardless of the dis-
tance to cover. Nevertheless, Desrocher’s experiment
differed in two aspects. He used 25 feeders and only 1 of
them was experimental in each trial. Moreover, the trials
lasted for only 5 min per day.

Tits were not afraid of either the thrush or pigeon
dummies. No matter how large they were, neither of them
lowered the number of visits to the feeder. Wariness was
not increased even by the unknown object (lump of cotton).
The evaluation of the jay was ambiguous. The jay did not
differ in the number of arrivals from other harmless dum-
mies or from predators. Moreover, its presence lowered the
success of birds in a manner significantly different from
both harmless and dangerous dummies. It can be summa-
rised that tits can distinguish obligatory predators (spar-
rowhawk, kestrel), potentially dangerous corvids (jay) and
the harmless birds (pigeon, thrush). The size of a harmless
bird did not influence the tits’ behaviour.

When we discuss the number of arrivals to the feeder,
we also have to point out the potential problems of our
experimental design. Since we used only one feeder in the
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experiment, it may be difficult to consider our data as
independent because the response recorded during the
experiment may reflect a particular flock that frequently
visited the feeder. We would have to set more feeders over
a wide area of the field site to collect independent data
from different flocks. This was not feasible in our case and
therefore we decided to set the experimental feeder in a
well-visited place, where the birds migrated, and we were
able to record hundreds of individuals. However, multiple
individuals visited the feeder in the same trial and we have
to consider that the individuals in the same trials do not
have to be independent (i.e. some individuals might
respond to predator models, while the others might respond
to warning signals given by the other individuals). We
believe that such behaviour should be recognizable in the
changes during the trials. Birds would come less and less
with more warning signals, but we did not find any changes
in the number of arrivals during trials when we analysed
5-min-long intervals.

Existing studies investigating differences in risk
assessment between various predators have been conducted
mainly during the breeding season, and only a few studies
compared various aerial predators. A stronger reaction to a
more dangerous predator was observed in most of the
studies (falcons vs. hawks vs. eagles vs. great horned owl
Buteo virginianus, Buitron 1983; sparrowhawk vs. pygmy
owl Glaucidium passerinum vs. tawny owl Strix aluco,
Curio et al. 1983; sparrowhawk vs. pygmy owl, Rytkonen
and Soppela 1995; Forsman et al. 1998). Griesser (2009)
compared jay reactions to three hawk and three owl species
(goshawk Accipiter gentilis, sparrowhawk Accipiter nisus,
hobby Falco subbuteus, Ural owl Strix uralensi, hawk
owl Surnia ulula, pygmy owl Glaucidium passerinum) of
varying danger, and the jay’s ability to communicate the
threats. He proved that mobbing calls can simultaneously
encode information about both predator category and the
risk posed by a predator. Similar results were obtained
by Palleroni et al. (2005) who found that chickens are able
to distinguish between variously sized trained raptors.
Templeton et al. (2005) proved that calls of black-capped
chickadees varied with the size of predator. Edelaar and
Wright (2006) observed that arabian babblers (Turdoides
squamiceps) distinguished between many birds represent-
ing low and high predation risk. These studies were based
mainly on the differences between raptors and owls or
between raptors of different size, thus they could not be
compared with our study.

Corvids are often subjects in experiments studying nest
defence. The studied species usually strike with at least the
same intensity at the corvids as at birds of prey or owls
(Gottfried 1979; Patterson et al. 1980; Buitron 1983;
Knight and Temple 1986; Ghalambor and Martin 2002; but
see Arnold 2000). The weak response to a jay in our case
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shows that birds recognize its threat level for adults (lower)
and nestlings or eggs (higher). The tits may recognize a jay
as a facultative predator of small passerines (Ehrlich and
McLaughlin 1988). On the other hand, the jay may be
dangerous from a competition standpoint, such as the
ability of the jay to attack another adult bird, although that
bird would not want to get too close to it. So, the response
to the jay can be likely based more on proximity, perceived
competition, and the willingness to get close than on rec-
ognition and the risk of predation.

The four studied species responded very similarly to all
dummies. However, we could see some differences in the
success, and the direction of arrival to feeder, in blue and
great tits. Blue tits showed more bravery to more dangerous
species and were more successful once sitting on feeder. On
the other hand, great tits spent a longer time assessing the
situation. Great tits arrived more often head on to the feeder,
and were less successful in the presence of more dangerous
dummies. Great tits are dominant in winter flocks and they
do not have to risk being in the presence of potential danger.
Smaller tit species are also faster and/or agile and they can
afford to approach danger (Ekman 1989).

Our results show that birds are willing to increase risk
(higher number of arrivals, quicker pecking rate, and higher
success of individual visits) during harsh climatic condi-
tions. Similar trends have been documented in many studies
(Brittingham and Temple 1988; Walther and Gosler 2001;
Carrascal and Alonso 2006). However, existing studies
were carried out without the presence of a predator dummy.
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Abstract Pair-wise preference experiments were used to
reveal predator discrimination by four tit species wintering
in the Czech Republic. The reactions of the tits to a more
dangerous predator (sparrowhawk) and a less dangerous
(kestrel) one were compared. The number of visits to a
feeder with a predator present expressed the perceived
dangerousness of the predator. The tits' behaviour towards
the feeders was in agreement with predictions, according to
dynamic risk assessment theory. The presence of any
predator at the feeder lowered the number of visits to the
feeder. Similarly, the tits were judged to have evaluated the
sparrowhawk as being more dangerous than the kestrel, as
its presence lowered the number of arrivals more than did
the kestrel. The duration of stay and number of pecks of
individual birds were also used as measures of predator
dangerousness. The results not only confirm that tits behave
according to dynamic risk assessment theory, but also show
the exceptional suitability of preference experiments for the
research of predator differentiation and evaluation.
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Introduction

In animals, food intake is generally connected with the risk
of predation. A repeated daily trade-off is made between the
need to search for food and that to avoid predators; this
takes place throughout an animal's entire life (Devereux et
al. 2006). The animals chose to use the risky feeding site
only if the potential additional energy gains outweighed the
fitness costs of the additional predation risk; otherwise, it
would be better off using a safer feeding site (Abrahams
and Dill 1989). Therefore, each animal has to continuously
make decisions as to which behaviour has the better net
‘pay-off”.

The trade-off between the risk of predation and the
energetic gain leads to habitat choices. Each habitat has an
associated rate of gain, as well as danger of predation
(Houston et al. 1993). However, the choice of habitat could
be based not on those qualities alone, but also on the actual
state of the animal (Houston et al. 1993) and the time of
day, or even time of year (MacLeod et al. 2005). Often, the
intake rate that a forager achieves in a habitat also depends
on the number of conspecifics also feeding in that habitat.
Where there are many competitors, intake rates may
decrease, either from interference or exploitation competi-
tion (Moody et al. 1996). In such a situation, an animal may
do better by moving to a feeding site where there are fewer
competitors, even if the overall food quality is lower. This
issue has been extensively investigated in what is known as
ideal free distribution (Fretwell and Lucas 1970; see
Milinski and Parker 1991 for a review). Conversely, a
higher number of conspecifics may result in lower levels of
vigilance of individuals and, thus, increase the rate of
energetic gain for each of them (Houston et al. 1993).
Moreover, higher numbers of conspecifics can also de-
crease the risk of predation through the effects of dilution
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and confusion (Quinn and Cresswell 2005 and references
therein). The assumption of dynamic risk assessment is that
individuals that continuously assess these trade-offs and
dynamically modify their behaviour accordingly will have a
fitness advantage (Kleindorfer et al. 2005).

The proximity of a predator does not determine the rate
of predation risk in itself. This is principally because of the
different feeding specialisations and hunting techniques of
individual predator species (Curio et al. 1983). In birds, the
ability to discriminate between differentially dangerous
predator species has primarily been studied with nest
defences within the breeding season (e.g. Patterson et al.
1980; Buitron 1983; Kleindorfer et al. 2005). Until now,
predator discrimination in birds has not been studied with
respect to the trade-offs between potential food gain and the
risks of predation.

The trade-offs between the risk of predation and
energetic gain can be studied in preferential experiments
where feeding sites which are associated with different
danger levels are offered. Abrahams and Dill (1989)
measured the influence of the predation risk on patch
choice by guppies (Poecilia reticulata) using combinations
of three risk levels and three diet levels. Similar winter field
experiments on a feeder should also perform well with
birds. Feeder experiments have been used to assess the
willingness of birds to cross an exposed space (Hinsley
et al. 1995; Desrochers et al. 2002; Turcotte and Desrochers
2003), or how the birds manipulate their body masses
(MacLeod et al. 2005), both under an experimentally
manipulated predation risk. More recently, a similar
experiment (Jones et al. 2009) was used to assess this
trade-off, with regards to the different danger levels of the
birds' predators.

We tested the following predictions: (1) The birds will
behave according to risk assessment theory and, when
confronted with simultaneous risks (differentially danger-
ous predator species), they will choose the least dangerous.
(2) The food intake rate will decrease in those feeders with
higher abundances of birds, and visits to a more risky
feeder will be compensated with higher food intake by
individual birds.

Methods
Experimental site and species

The experiment was undertaken during the winter of 2006/
2007 at the edge of broad-leaved tree growth near the
village of Chodska Lhota (49°21'15", 30°47"25"), West
Bohemia, Czech Republic. Even though the site is 640 m
above sea level and is located in a relatively cold part of
Bohemia, this particular winter (mostly without snow
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cover) was not harsh. Four species of tits were studied:
the great tit (Parus major), the blue tit (Parus caeruleus),
and the “marsh” tit, which predominate at the feeders. The
‘marsh’ tit was represented by both the marsh tit (Parus
palustris) and willow tit (Parus montanus). As these two
species are indistinguishable on videotape, they were
lumped together as one species.

Experimental design

Two feeders were situated in a field, 7 m from the edge of
tree growth. The feeders were 20 m apart and the space
between them was free of trees. Shrubs and trees at the
edge of tree growth served as an observation place and as a
shelter for the birds. The feeders were square boards (45 by
45 cm) lying upon the ground, with raised edges (1.5 cm) to
avoid scattering of the food. Between experiments, the
feeders were covered with a roof. Sunflower seeds were
used as food only for the attraction of the birds. The feeders
were filled 4 weeks before the first experimental series.
Sunflower seeds were carefully removed and replaced with
grated walnuts just before the start of trials. The tits were
not able to carry the grated walnuts away, to consume them
under cover, as they had with the sun-flower seeds.
Therefore, they had to remain at the feeder for a longer
period of time if they wanted to achieve sufficient food
intake. Food gain is thus the direct proportion of undergone
risk.

Stuffed sparrowhawk and kestrel dummies were used as
the test predators. They were placed on a 75-cm-high stake
at the outer (from edge of forest) right corner of the feeder,
and always faced into the centre of the feeder. Individual
trials lasted 30 min.

The following experimental treatments (combinations of
dummies) were tested: kestrel vs sparrowhawk, kestrel vs
feeder without predator, kestrel vs kestrel, sparrowhawk vs
feeder without predator and sparrowhawk vs sparrowhawk.
Two feeders without predator served as the control
(reference) treatment. This amounted to six different treat-
ments in one series. The sequence of treatments within each
series was arranged randomly. The placing of the dummy
(on the left or the right feeder) for each treatment was
randomly arranged, as well.

Each series was carried out in a single day. Usually, there
was a 5- or 6-day break between each series. Each
experimental series started 0.5—1 h after daybreak. Feeders
were continuously taped during the duration of the experi-
ments. Cameras were set up in a fixed position 8 m away
facing the feeders. The snow cover and temperature were
noted for each experimental day. Ten series were conducted
and amounted to 60 half-hour trials.

As part of this study, birds were trapped using mist-nets
to reveal the rate of pseudo replications. Mist-nets were
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used the day before each experimental series, and the
trapping efforts were constant during the study (about 30
birds were ringed per day). Under licence (Czech Bird Ring
Association, 1062), each trapped bird was fitted with both a
standard metal leg-ring with a unique number plus a unique
combination of colour rings. Each bird was thus uniquely
identifiable on the videotape.

Altogether, 265 birds were ringed during the winter. It
was found that 54.53+4.95% of ringed birds stayed on to
be in the next series (approximately 1 week after ringing),
and 40.39+1.49% stayed until the third series (approxi-
mately 14 days later). Less than 1.95+2.7% of ringed birds
dwelled in the locality longer than 1 month. Individual
birds usually visited the feeder in 1.46+0.6 trials (at most in
four trials) during one series. Once having appeared during
the trial, a bird arrived at the feeder an average of 3.23+
0.97 times.

Statistical analysis

Firstly, the number of visits of individual tit species during
the trials was analysed. Before the main analysis, the
numbers of visits to the left and right feeders within the
control (reference) trial were compared and found to be
non-significant (Mann—Whitney U test: U=47, N1=N2=10,
P=0.819), and thus, the arithmetic means were counted for
each series. The numbers of arrivals to the experimental
feeders (to the left, as well as to the right) in each
experimental trial (with a dummy on at least one feeder)
were divided by the number of visits during the reference
trial, and all the created ratios (relative change of the number
of visits) were included in the analysis as a dependent
variable.

The following experimental variables were used: the
dummy at an experimental feeder (from which the number
of arrivals were included in the analysis), the situation at
the alternative feeder (dummy or feeder without predator),
the sequence number of the series during the winter (1-10),
tit species (interaction of dummy vs species), temperature
(°C) and snow cover (cm). The temperature was measured
at the beginning and at the end of experiment, and the
average was rounded off. Snow cover was measured next to
the feeder on a pole planted in the ground. We acknowl-
edged the problem of statistical independence, as the left
and right feeders were simultaneously in any one trial.
Therefore, in order to examine which of the experimental
variables had an effect on the relative change of the number
of visits to each experimental feeder, generalised linear
mixed models (GLMM, function aov in library Ime4) in R
2.9.0.(R DEVELOPMENT CORE TEAM 2008) were
modelled, and the random effect was set up for both
feeders within one trial. GLMM was modelled for data with
a Poisson distribution, using the link function identity. The

results mentioned in the text are the results of step-wise
selection. All interactions were also included in the model.
Only meaningful interactions, i.e. interaction between
experimental dummy and situation at alternative feeder
(the only significant one), and interaction between tit
species and experimental dummy (insignificant, but impor-
tant for interpretation of results), were mentioned in the
results. The Tukey post hoc test (function glht in library
multcomp, R 2.9.0.) was done to reveal the differences
between combinations of dummy and alternative dummy.

To determine the possibility of habitualisation to
motionless predators, the number of visits was analysed in
5-min-long intervals (within a half-hour trial). The number
of visits during the experimental trials did not significantly
change (repeated measures ANOVA, dummy: section:
F=0.414, P=0.938).

Another GLM (function glm in basic library, Poisson
distribution, R 2.9.0.) model was constructed for the
number of pecks, and for the duration of stay of individual
birds visiting the feeder during the different experimental
situations: (1) feeder with a predator; (2) feeder without
predator, when a predator is present at the alternate feeder
and (3) feeder without a predator, while the alternate feeder
is also without a predator. Results from all feeders with the
sparrowhawk or kestrel were clumped together as a feeder
with a predator because only a few birds visited the feeders
during their presence. The three above mentioned situations
at the feeders were used as the explanatory variables
together with the sequence of series during the winter, tit
species, temperature and snow cover. The Tukey post hoc
test (glht function in library multcomp, R 2.9.0.) was
performed in order to reveal the differences between the
individual situations at the feeders.

Finally, we compared (ANOVA, Statistica 8) whether
the number of pecks of individual birds differed in
those situations where a bird was at a feeder alone, as
opposed to the situation where at least one other bird is
present.

Results

Over the winter, 5,292 individual visits were recorded at the
feeders. The dummy at an experimental feeder, the situation
at the alternative feeder (dummy or feeder without predator)
and the temperature were predictors of relative changes in
the number of visits. The interaction between the experi-
mental dummy and the situation at the alternative feeder
was also significant. The snow layer, the series sequence
and the interaction between the dummy and the tit species
had no significant effect (Table 1). Low temperatures
lessened the decrease in the number of visits to the feeder
with a predator (Fig. 1).
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Table 1 The effects of the predictors on the relative change of the
number arrivals to the feeder (step-wise selection, GLMM, only
particular interactions mentioned—see ‘“Methods™ section)

Table 2 Differences between the relative changes of the number
arrivals to kestrel and to sparrowhawk in trials with different treatment
on the alternative feeder (noted in parentheses)

Effect Df F P

Dummy 2 414.056 <0.001
Situation on alternative feeder 1 17.865 <0.001
Temperature 1 9.360 0.020
Snow 1 0.830 0.365
Species 2 0.316 0.598
Series 1 0.210 0.648
Dummy: species 10 0.561 0.543
Dummy: Altern. feeder 4 10.016 <0.001

The kestrel dummies decreased the relative number of
visits less than the sparrowhawk dummies did; however,
this was only in those treatments in which a kestrel was
combined with a sparrowhawk or kestrel on the alternative
feeder. The decrease in the number of visits did not differ
between the kestrel and sparrowhawk in those treatments in
which a predator was combined with the alternative feeder
without a predator (Table 2, Fig. 2).

A kestrel decreased the number of visits less if it was
combined with a predator than if it was combined with an
alternative feeder without a predator. The relative change in
the number of visits did not differ in any treatment with a
sparrowhawk (Table 3, Fig. 2).

The duration of stay of individual birds at the feeders
was only influenced by snow cover and temperature
(Table 4). The duration of stay did not differ under any of
the experimental situations: (1) feeder with a predator; (2)
feeder without a predator, while a predator was present at
the alternate feeder and (3) feeder without predator, while

< Mean T Min-Max

Relative number of arrivals

3 -2 -1 0 1 2
Temperature (°C)

Fig. 1 Effect temperature on the number of arrivals to the feeder—for
experimental trials with predator
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Sparrowhawk

(sp) 0) (ke)
Kestrel (0) 0.989 0.987 0.978
0.952 0.001 0.001
(sp) <0.001 <0.001 <0.001
—7.439 —-7.267 —7.267
(ke) <0.001 <0.001 <0.001
—7.384 —6.981 —6.981

The Tukey post hoc test results show P (above) and ¢ (below, italic)
values

ke kestrel, sp sparrowhawk, 0 empty feeder

the alternative feeder is also without a predator. On the
other hand, the birds pecked much less in the presence of a
predator (N=1460, 3.36+7.868), when compared to its
absence (N=3832, 7.56+11.75, Table 4). A Tukey post hoc
test revealed that the number of pecks at a feeder with a
predator significantly differed from the other experimental
situations (a feeder with a predator vs a feeder without a
predator, while the alternative feeder is also without a
predator: St.Er.=0.38, Z=—-5.251, P<0.001; feeder with a
predator vs feeder without a predator, while a predator is
present at the alternate feeder: St.Er.=0.37, Z=-5.418,
P<0.001). The differences between the two experimental
situations without a predator were not significant (St.Er.=
0.06, Z=0.882, P=0.624). Of the climatic variables, only
snow influenced the number of pecks (Table 4).

oMedian [125%-75% 1 Non-Outlier Range ©Outliers # Extremes
35

<o

Relative humber of arrivals
o
>

0.10

0.05 * *
# . ¥

0.00 —0— —0— —0— —0—

KE(0) KE(KE) KE(SP) SP(0)

Treatment

SP(KE)  SP(SP)

Fig. 2 Relative changes on the number of arrivals (the number of
arrivals to feeder with dummy/the number of arrivals to feeder during
the reference control) to kestrel and sparrowhawk in trials with
different treatment on alternative feeder (noted in parenthesis).
Treatments on both feeders: ke kestrel, sp sparrowhawk, 0 empty
feeder
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Table 3 The differences between the relative changes of the number
of arrivals to kestrels, or to sparrowhawks, in trials with different
treatment on alternative feeder (noted in parentheses)

Compared trials t P

ke(sp) x ke(0) 7.267 <0.001
ke(sp) x ke(ke) 1.141 0.888
ke(ke) x ke(0) 6.981 <0.001
sp(sp) * sp(0) 0.952 0.989
sp(sp) x sp(ke) 0.952 0.989

sp(ke) x sp(0) <-0.001 0.987

Tukey post hoc test results show P and ¢ values

ke kestrel, sp sparrowhawk, 0 empty feeder

At a feeder with a predator present, birds always pecked
much more (Chi’=683.17, P<0.001) in the presence of at
least one other bird (Mean + St.Er., 5.7+11.77) than when
they were alone (1.9+3.3). Although less significant (Chi*=
56.3, P=0.046), the same difference was found at a feeder
without a predator (alone: 4.3+£11.12, accompanied: 6.22+
13.826).

Discussion

The behaviours of tits at the feeders were in agreement with
the predictions of dynamic risk assessment theory
(Montgomerie and Weatherhead 1988). The presence of
any predator at a feeder lowered the number of arrivals to
that feeder. Correspondingly, the tits evaluated a sparrow-
hawk as more dangerous than a kestrel, as the presence of a
sparrowhawk lowered the number of arrivals more than did
a kestrel. In the presence of a sparrowhawk, the gain from
food only sporadically overrides the risk of predation while
as many as 30% of the birds (compared with reference
trials) decided to visit the feeder with a kestrel present. This
difference is in agreement with current knowledge about
sparrowhawk and kestrel feeding ecology. Small mammals

predominate in the kestrel's diet (Kiibler et al. 2005). On the
other hand, the sparrowhawk is a specialised predator of
small passerines (Rytkdnen et al. 1998; Gotmark 2002), and
thus should represent a bigger threat than the kestrel.

Moreover, the willingness to risk a visit to the feeder
with a kestrel was lowered by the possibility of using an
alternative safe feeder. When the alternative feeder was
without a predator, tits kept completely away from the
kestrel, much like they did in the presence of the
sparrowhawk. When there was a predator (no matter of
which species) on the alternative feeder, some tits fed at the
feeder with the kestrel, while the number of arrivals to the
feeder with a sparrowhawk was still negligible. This result
suggests that the tits' decisions (to visit or not to visit a
feeder) not only depend on the general dangerousness of
the predator present, but also on the available alternative
solutions.

Our results not only confirm that tits behave according to
dynamic risk assessment theory; it also demonstrates the
exceptional suitability of field preferential experiments on
feeders for research of predator recognition and evaluation.
The preference experiment allowed us to distinguish
whether the higher willingness to risk visits to the feeder
with a kestrel was caused by its “non-recognition” as a
predator or by its evaluation as being less dangerous than a
sparrowhawk. If the first situation was true, the number of
arrivals during treatments in which the alternative feeder
was without a predator would not have differed from
treatments in which the kestrel was present there.

The ability of birds to differentiate between various
dangerous raptors has only been discussed in a limited
number of studies. Experiments have mostly been con-
ducted during the breeding season on birds defending their
nests. Rytkonen and Soppela (1995) found that responses
towards the pygmy owl (Glaucidium passerinum) were
generally more intense than those towards the sparrow-
hawk. Similarly, Curio et al. (1983) revealed that the great
tit not only differentiated between different orders of raptors
(bird of prey, owl), but also among different genera of owls.

Table 4 The effects of the predictors on the duration of stay at feeder and number of pecks (step-wise selection, GLMM, quasi-Poisson
distribution, only particular interaction mentioned—see “Methods” section)

Effect Duration of stay Number of pecks
Df Dev Res. Dev P Dev Res. Dev P

Situation on feeder 2 135 34,064 0.065 102 28,245 <0.001
Temperature 1 181 33,884 0.007 1 28,163 0.400
Snow 1 411 33,473 0.001 131 28,350 <0.001
Species 2 27 30,205 0.869 2 28,150 0.501
Series 1 45 32,016 0.127 46 28,112 0.432
Species: situation at feeder 4 35 31,439 0.789 54 28,011 0.061
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They found that the pygmy owl (G. passerinum, specialised
on birds) was responded to more than the tawny owl (Strix
aluco, a predator of rodents). In Buitron's (1983) study, the
black-billed magpie (Pica pica) reacted more strongly to
the falcon (Falco mexicanus and Falco columbarius,
predators of birds) than to the hawk (Buteo jamaicensis,
Circus cyaneus and Accipiter cooperi, predators of small
rodents). The decision (if any, and how intensively) to
defend the nest is influenced by the dangerousness of the
predator for adults and offspring (this can differ tremen-
dously), past investment in nesting and the chance of
renesting in the current breeding season (for review, see
Caro 2005). Therefore, our feeder experiments represent
unambiguous evidence that birds categorise predators
according to the perceived danger to themselves. This
evidence corresponds with the findings of Templeton et al.
(2005), who showed that intensity of mobbing calls is
related to the size and threat of a potential predator.

In the situation with many conspecifics, an animal may
do better by moving to a patch where there are fewer
competitors, even if the overall risk of this patch is higher,
but might be compensated with a higher food intake for any
individual bird (Moody et al. 1996). We were not able to
confirm this theory, as our birds did not stay longer in
patches with fewer competitors, and even pecked fewer
times in the presence of a predator. The lower number of
pecks during the same length of stay shows that the birds
increased their vigilance. Presumably, this is caused by the
lower number of birds at a feeder at that time (the total
number of birds visiting a feeder with a predator did not
reach over 25% of the birds visiting a feeder during control
trials). The decrease in both the collective probability of
detecting attack (group size effect) and numerical dilution
of risk (dilution effect) with a decreasing group size can
cause an increase in the individual levels of vigilance, as
well as a decrease in the time devoted to feeding
(see McNamara and Houston 1992; Cresswell 1994,
Bednekoff and Lima 1998). This is supported by our
findings that all birds pecked more times in the cases when
some conspecific was present at the same feeder, even in
the situation without a predator at the feeder. This could
indicate that a bird felt safer when accompanied by others.
Conditions always agreeing with an ideal free distribution
at our feeder would be the simplest explanation of the
unchanged duration of stay for birds at the feeder. However,
the decreased interference competition being compensated
by a decreased dilution effect cannot be ruled out.

We cannot confirm the differences in the behaviour of
individual bird species. The significance of explanatory
variable “species” indicates that different numbers of
individual species visited the feeder. Only the interaction
between species and an explanatory variable (e.g. dummy)
would indicate that a bird species behaved differently from
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another. This was not true in any of our analyses. Individual
tit species have different abilities in their competition for
food (Dhondt and Eyckerman 1980). The Blue Tit is
limited by the Great Tit but the smallest and least
forcefulness is the Marsh Tit. The tits with lower
competitive abilities should be more willing to visit feeders
with a predator present. Our failure to support this
hypothesis could again be caused by the ideal free
distribution of birds at our feeder, without regard to the
experimental situation.

Maintenance of a constant high body temperature
becomes increasingly difficult in colder conditions, espe-
cially for small birds (e.g. Caraco et al. 1990). Thus, many
birds should be expected to exploit less profitable (including
more dangerous) sources of food. We demonstrated that lower
temperatures did cause a much higher number of arrivals
(greater willingness to risk) at the feeder. A decrease of the
temperature from 2 to —3°C increased the mean proportion of
birds visiting the feeder with a predator from 5 to nearly 30%
(in comparison with the control trial). This result is in
concordance with the findings of previous studies (Walther
and Gosler 2001; Carrascal and Alonso 2006; Desrochers
et al. 2002).
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Abstract The most important role in the recognition and
categorization of predators (as well as other animals) is
usually attributed to so-called key features. Under labora-
tory conditions, we tested the role of yellow eyes (specific
for the genus Accipiter in European raptors) and hooked
beak (common for all European birds of prey) in the rec-
ognition of the sparrowhawk (Accipiter nisus) by untrained
great tits (Parus major) caught in the wild. Using wooden
dummies, we interchanged either one of these potential key
features or the body of the sparrowhawk (predator) and
domestic pigeon (harmless bird). The tested tits showed
three types of behaviour in the presence of the dummies:
fear, interest without fear, and lack of interest. Eye inter-
change lowered fear of the sparrowhawk, but did not cause
fear of the pigeon. Beak interchange did not lower fear of
the sparrowhawk. Eye interchange caused increased inter-
est in both species. Thus, a specific sparrowhawk feature is
necessary for correct sparrowhawk dummy recognition but
a general raptor feature is not. On the other hand, a specific
sparrowhawk feature on a pigeon dummy is not enough to
prompt sparrowhawk recognition. Thus, key features play
an important, but not exclusive, role in predator recogni-
tion. An increased interest in some of the modified dum-
mies implies that the tits have a general concept of a
sparrowhawk. The individual variability in behaviour of
tits is discussed.
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Introduction

Almost any aspect of animal decision-making (from for-
aging behaviour to mate choice) can be influenced by the
risk of predation (Lima and Dill 1990). Only fast and
accurate predator recognition gives prey a chance to choose
the right anti-predator behaviour and escape tactic (Curio
1976).

If all types of predator pose the same threat and require
the same response, then there is no need to distinguish
among them (Kullberg and Lind 2002). For example, the
mouth size and distance between eyes are sufficient for
predator recognition in piscivorous fish, and no further cues
are needed (Karplus and Algom 1981; Karplus et al. 1982).
However, when different types of predator represent dif-
ferent levels or kinds of threat, then selection of the
appropriate response requires their more specific recogni-
tion and categorization (McLean and Rhodes 1991). It is
obvious that birds are able to distinguish between predators
of different taxa (Curio et al. 1983; Suzuki 2012; Strnad
et al. 2012) or size (Klump and Curio 1983; Palleroni et al.
2005), but the mechanisms that facilitate recognition are
poorly understood.

The most important role in the recognition and catego-
rization of predators (as well as other animals) is usually
attributed to so-called key features. The origin of this idea
dates to 1935 when Konrad Lorenz defined the term
“releaser” (Ausloser) as an acoustic or visual stimulus
causing a specific reaction (Lorenz 1937). Later on, different
terms, such as “sign stimuli”, were used (Tinbergen 1948),
but the central idea remained the same. The term “key
feature” comes from feature theory (Bruner et al. 1956; Marr
and Nishihara 1978; Smith and Medin 1981). According to
this theory, objects are assigned to categories on the basis of
the features of which they are composed (Pearce 2008).
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The role of key features in predator recognition has been
only rarely tested. The first studies focused on the “short
neck” in the silhouettes of birds of prey. It was found that
even a cardboard dummy that has a short neck prompts an
escape response independently of the colour or shape of the
wings and tail (Kritzig 1940; Lorenz 1940; Tinbergen
1948). The first more complex study was carried out by
Curio (1975) who tested the reaction of the pied flycatcher
(Ficedula hypoleuca) to the modified dummies of two
similar-sized predators, the pygmy owl (Glaucidium pass-
erinum), and the male red-backed shrike (Lanius collurio).
Several further studies aimed at the recognition of preda-
tors (Scaife 1976; Watve et al. 2002; Davies and Welber-
gen 2008), nest parasites (Gill et al. 1997; Welbergen and
Davies 2011; Trnka et al. 2012), or sexual partners (Burley
and Coopersmith 1987; Pincemy et al. 2009) followed.
They confirmed the importance of eyes (Scaife 1976;
Watve et al. 2002; Trnka et al. 2012), beak (Burley and
Coopersmith 1987; Gill et al. 1997), and coloration pat-
terns (Davies and Welbergen 2008; Pincemy et al. 2009;
Welbergen and Davies 2011) for recognition of tested
stimuli.

Key feature theory (Marr and Nishihara 1978) has also
been repeatedly tested under laboratory condition by
training birds (most often the domestic pigeon) to respond
to drawings or photographs with key features present/
absent (Kirkpatrick-Steger et al. 1998; Huber 2001; Mat-
sukawa et al. 2004) or to objects composed of several
previously learnt stimuli (Cerella 1980; Aust and Huber
2001; Werner et al. 2004). The results imply that pigeons
are able to use local features for categorization, but their
importance depends largely on the stimuli used. Moreover,
most of the tested stimuli were unrelated to the real life of
birds. Animal reactions to relevant and irrelevant stimuli
may be different, and therefore, the categorization mech-
anism may also be different (Pashler 2002).

The reactions of untrained birds to natural stimuli have
only occasionally been tested under laboratory conditions.
Patton et al. (2010) examined the reaction of male pigeons
to an altered picture of a female using their tendency to
perform courtship behaviour in the presence of a relevant
sexual partner. He proved that the beak and eyes are
important features for mate recognition because pigeons
showed no reaction to a pigeon head without these features.

In birds in general, some of the potential key features are
species specific, while others characterize whole taxo-
nomical and/or ecological groups of species. One example
is the yellow eyes and hooked beak in birds of prey in
Central Europe. Conspicuous yellow eyes are specific for
the genus Accipiter, while a hooked beak characterizes all
members of Falconiformes (and Strigiformes as well).

We tested the role of these features in the recognition of
the sparrowhawk (Accipiter nisus). The replacement of key
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features on predator dummies applied in all the studies
mentioned above tests whether those features are necessary,
but not whether they are in themselves sufficient for proper
recognition. Therefore, in our study, we interchanged either
eye or beak of a sparrowhawk (predator) and a domestic
pigeon (harmless bird). However, the sparrowhawk pos-
sesses potential key features on the body as well (especially
the coloration pattern or claws). Therefore, we interchanged
also the whole body of sparrowhawk and pigeon.

The great tit (Parus major) was chosen as a model
species as we know that tits are able to recognize pigeons
and sparrowhawks from our previous field study (Tvardi-
kova and Fuchs 2012). The amount of stress in this
experiment was measured by the number of arrivals at the
feeder with the presented dummy. Our current experiments
were carried out in the laboratory which facilitated more
detailed behavioural analysis and discrimination among
stress response and other relevant reactions (e.g. stimulus
exploration).

We tested five hypotheses: (1) the presence of the
sparrowhawk eyes on the sparrowhawk dummy is neces-
sary for the recognition of the dummy as a sparrowhawk
(the sparrowhawk dummy without sparrowhawk eyes will
be treated as less dangerous than the unmodified spar-
rowhawk dummy). (2) The presence of the sparrowhawk
eyes on the pigeon dummy is sufficient for its recognition
as a sparrowhawk (the pigeon dummy with sparrowhawk
eyes will not be treated as less dangerous than the
unmodified sparrowhawk dummy). (3) The presence of the
raptor beak on the sparrowhawk dummy is not necessary
for the recognition of the dummy as a sparrowhawk (the
sparrowhawk dummy without raptor beak will not be
treated as less dangerous than the unmodified sparrowhawk
dummy). (4) The presence of the raptor beak on the pigeon
dummy is sufficient for its recognition as a raptor (the
pigeon dummy with raptor beak will be treated as more
dangerous than the unmodified pigeon dummy). (5)
Change of the body does not influence the recognition of
pigeon and sparrowhawk (the sparrowhawk dummy with
pigeon body will not be treated as less dangerous than the
unmodified sparrowhawk, and the pigeon dummy with
sparrowhawk body will not be treated as more dangerous
than the unmodified pigeon).

Materials and methods

Subjects

The great tit (Parus major) was chosen as a model species.
Great tits are very adaptable to laboratory conditions (e.g.

Dingemanse 2002). Moreover, no neophobic reaction that
could negatively influence their behaviour in the presence
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of an unfamiliar stimulus has been confirmed in them (Cole
et al. 2011).

Birds were trapped in mist-nets in the suburban areas of
Ceské Budgjovice (Czech Republic) during the winter
seasons of the years 2008-2011. Tits were ringed after
capturing to avoid testing individuals repeatedly. After
that, the birds were held in cages and provided with water
and sunflower seeds ad libitum. Each bird was tested only
once. Altogether we used 160 individuals for all the
experiments (20 birds to each presented dummy).

Experimental stimuli

A sparrowhawk dummy was used as a predator because it
is a specialized predator of small birds in Europe (Za-
wadzka and Zawadzki 2001; Bujoczek and Ciach 20009;
Chamberlain et al. 2009). Wild great tits strictly avoid the
sparrowhawk and are able to recognize and distinguish it
from other predator species (Tvardikova and Fuchs 2011).
The domestic pigeon dummy was used as a harmless
species because its size is comparable to the sparrowhawk.
Great tits living in suburban areas encounter it commonly,
and they do not express any fear in the presence of a pigeon
dummy (Tvardikova and Fuchs 2012).

We assumed that if there is no difference in reaction to
the chimera (a dummy with changed key feature) and to the
unmodified sparrowhawk, the tits recognize the dummy as
a sparrowhawk. If they are afraid of the chimera less than
the unmodified sparrowhawk, but more than the unmodi-
fied pigeon, it may be concluded that they recognize the
dummy as a raptor (but not sparrowhawk). If the stress
reaction does not differ from the reaction to the unmodified
pigeon dummy, it may be concluded that tits do not rec-
ognize the dummy as any raptor.

Both dummies consisted of carved wood with detach-
able and interchangeable parts (beak, eyes, and the whole
body including the trunk, folded wings, tail, and legs). In
preliminary studies, we found that there is no difference in
the reaction to a wooden and a stuffed sparrowhawk
dummy (Polakova et al in prep.). In our study, we used 8
types of dummies: unmodified sparrowhawk (HHH),
sparrowhawk with pigeon eyes (PHH), sparrowhawk with
pigeon beak (HPH), sparrowhawk with pigeon body
(HHP), unmodified pigeon (PPP), pigeon with sparrow-
hawk eyes (HPP), pigeon with sparrowhawk beak (PHP),
and pigeon with sparrowhawk body (PPH). For coding
explanation, see Table 1.

Experimental design
Before the experiment, the birds were deprived of food for

1.5 h. Afterwards they were released into an experimental
cage (2 x 1 x 0.5 m). The cage was equipped with corn

Table 1 Abbreviations of dummy types

Eye Beak Body Code
Hawk Hawk Hawk HHH
Pigeon Hawk Hawk PHH
Hawk Pigeon Hawk HPH
Hawk Hawk Pigeon HHP
Pigeon Pigeon Pigeon PPP
Hawk Pigeon Pigeon HPP
Pigeon Hawk Pigeon PHP
Pigeon Pigeon Hawk PPH

The eye, beak, and body features are represented by the first, second,
and third alphabets

bedding, perches, a nesting box, and a dish with sunflower
seeds in the front part. The dummy was placed in front of
the cage above the dish with food. The experiment started
after the removal of a wooden barrier between the tested
bird and the dummy. The behaviour of the birds during
their exposure to the dummies was recorded on video for
10 min.

The video was analysed in Observer XT 6.1 (Noldus
Information Technology 1990-2006) by a single observer.
The following behaviours were quantified: total occurrence
of raising feathers on head (cap), knee bending (knee),
warning calls (warn), approach of the dummy to less than
1 m away (approach), movement from one perch to another
(move), pecking the equipment in the cage (peck), total
duration of scanning the dummy from less than 1 m away
(scan), surveying the corn bedding for food (bedding),
feeding on the provided sunflower seeds (feeding), sitting
still (sit). The inter-rater reliability was estimated by ana-
lysing all recorded experiments by another rater. The cor-
relations between the two sets of behavioural measures
were calculated using Correlation matrices in STATISTI-
CA 9.1 (StatSoft Inc. 2009). The results show significant
correlations (p < 0.05) in most of the observed behaviours
(warn, r = 0.99; knee, r = 0.61; cap, r = 0.51; move,
r = 0.90; peck, r=0.57; feeding, r = 0.93; bedding,
r = 0.98; sit, r = 0.71).

The behavioural elements mentioned above have been
already used in various behavioural studies on birds (e.g.
Kullberg and Lind 2002; Stuber and Bartell 2013). Studies
on tits’ personality established that individual birds are
consistent in such behavioural traits as exploratory
behaviour, risk taking, fearfulness, and reactivity (see
Groothuis and Carere 2005 for review).

Statistical analysis

Tit behaviour (all the activities mentioned above) was
analysed using the multivariate technique—the principal
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component analysis (PCA) in Canoco 4.5 (ter Braak and
Smilauer 1998) to find out whether there was a consistent
reaction to the dummies. Thus, the dummies were used as
supplementary environmental data in PCA. PCA scores of
the first and second axis were used as synthetic dependent
variables in ANOVA in STATISTICA 9.1 (StatSoft Inc.
2009) to test the effect of the dummies on the tits’ behav-
iour. Differences among the individual dummies were
consequently compared using the Tukey’s HSD test. We

@
o

]
N

-1.0 1.0

Fig. 1 Behaviour of tested tits in the presence of individual dummies
visualized on the first and second axis of PCA. For explanations of
behavioural types, see “Materials and methods”. For explaining the
abbreviations of dummy types, see Table 1

also used redundancy analysis (RDA) in Canoco 4.5 with
the dummies as environmental data to compare behaviour
of individual tits toward tested dummies. Data for PCA and
RDA analysis were logarithmically adjusted and centred.

Results

Principal component analysis shows that there are consis-
tent reactions to presented dummies (Fig. 1). The first PCA
axis explains 39.4 % of variability and separates stress
behaviour (knee bending, warning calls, raised feathers on
the head) from other behavioural types (exploration or
feeding). The second PCA axis explains 17.7 % of vari-
ability and divides exploration of the dummy (approaching
and scanning the dummy) or displacement activity (moving
and pecking of the cage equipment) from other behaviours
(stress or feeding).

The particular dummy presented significantly influences
the tested birds’ PCA scores on the first axis (ANOVA,
F =5.430, p <0.001) and the second axis (ANOVA,
F =4901, p <0.001). The following p values refer to
post hoc Tukey’s HSD test. The tits showed more stress
behaviour (first PCA axis) in the presence of the dummy
HHH and HPH than in the presence of PHH (p = 0.040,
p = 0.018) HPP (p = 0.004, p = 0.002), PPH (p = 0.005,
0.002), and PPP (p = 0.007, 0.003). The dummies HHP
and PHP differ from neither group (Fig. 2). Effects of the
key features manipulation are summarized in Table 2.

Fig. 2 The effect of the 3
presence of individual dummies

on the behaviour of tested tits .
(first PCA axis scores). Positive
values indicate the stress 2t T
behaviour (feather cap, knee
bending, and warn calls). For
explaining the abbreviations of
dummy types, see Table 1. 1t
Black and white boxes differ
significantly from each other.
Grey boxes do not differ from
any other

PCA axis 1 scores
o

O Mean
[ MeantSE
5 T Mean+2*SD

-3

HHH HPH
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Table 2 Comparison of responses of great tits to various presented
dummies on the first PCA axis

Dummies in comparison Post hoc Tukey’s HSD test,
p value

Effect of the eye

PHH HHH 0.040

HPP PPP 1.000
Effect of the beak

HPH HHH 1.000

PHP PPP 0.987
Effect of the body

HHP HHH 0.746

PPH PPP 1.000

Significant differences in bold. For explaining the abbreviations of
dummy types, see Table 1

More intense exploration (second PCA axis) was
observed in the presence of dummies with interchanged
eyes (PHH, HPP) than unmodified dummies HHH
(p = 0.004, p < 0.001) and PPP (p = 0.014, p < 0.001).
Other dummies (PPH, HHP, PHP, and HPH) differ from
neither group (Fig. 3).

Redundancy analysis also showed that there are signif-
icant differences in the tits’ behaviour in the presence of
individual dummies (Monte Carlo permutation test,
F = 4886, p=0.002). The first RDA axis explains
11.0 %; the second axis explains 3.8 % of variability. The
marginal effects of all the dummies besides HHP are sig-
nificant (Table 3). The size of the effect was the largest for

HHH and HPH. However, projection of scores of individ-
ual tits on RDA axes (Fig. 4) shows that there is great inter-
individual variability in behaviour toward most of the
dummies. The behaviour of the individual birds was rather
consistent during the experiment. The most of the birds are
located further from the intersection of the RDA axes (in
the positive as well as negative values). It means that
behavioural elements correlated with either the first or the
second axis prevailed in their behaviour. There was only a
minority of the birds with balanced representation of
antagonistic types of behaviour during the experiment.
These birds are located near the intersection of the RDA
axes.

Discussion

The hypotheses that the presence of the sparrowhawk eyes
is necessary and also sufficient for the recognition the
dummy as a sparrowhawk were confirmed only partially.
Pigeon eyes on the sparrowhawk dummy (PHH) make the
dummy less dangerous than the unmodified sparrowhawk
dummy (HHH). However, the sparrowhawk eyes on the
pigeon dummy (HPP) do not make the dummy as dan-
gerous as the HHH. It means that the mere yellow eyes are
necessary but not sufficient for sparrowhawk recognition
and another cue is therefore needed for the correct recog-
nition. This is not surprising because yellow eyes are a
unique for the genus Accipiter within the birds of prey in
Central Europe but they occur also in other harmless bird

Fig. 3 The effect of the 3
presence of individual dummies

on the behaviour of tested tits

(second PCA axis scores).

Negative values indicate interest 2+
in the dummy (scanning and
approaching it). For explaining
the abbreviations of dummy
types, see Table 1. Black and 1t
white boxes differ significantly
from each other. Grey boxes do
not differ from any other

PCA axis 2 scores

2t

O Mean
[] Mean+SE T
T Mean+2*SD =

HHH HPH

PHH HHP PPH HPP PHP PPP
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Table 3 Marginal effects of presence of individual dummies on
tested tits behaviour (RDA)

Dummy type Explained variability (%) Pseudo-F  p value
HPH 4.4 72 0.002
HHH 43 7.1 0.002
PPP 29 4.8 0.002
HPP 2.8 4.5 0.006
PHH 22 35 0.006
PPH 1.9 3.1 0.028
PHP 1.6 2.6 0.022
HHP 0.9 1.5 0.202

For explaining the abbreviations of dummy types, see Table 1

species (e.g. tufted duck Aythya fuligula, common cuckoo
Cuculus canorus, or barred warbler Sylvia nisoria).

The hypotheses that the presence of the raptor beak is
not necessary for the dummy recognition as a sparrowhawk
but sufficient for recognition as a raptor in general were
confirmed in part. The pigeon beak on sparrowhawk
dummy (HPH) does not lower the fear of the dummy
significantly as compared to the HHH. It means that the
wrong beak does not influence the recognition when the
appropriate sparrowhawk eye and body are present. The
pigeon dummy with raptor beak (PHP) is not treated as
more dangerous than the unmodified pigeon dummy (PPP)
but also not less dangerous than HHH. It means that PHP is
not conclusively treated as harmless or as dangerous. It
seems that individual birds are not uniform in the reaction
to it but at least a portion of the tits recognized the dummy
as a raptor due to the hooked beak although the other
features belonged to the pigeon (see below). Raptor rec-
ognition based on a single feature would be useful in the
categorization of unfamiliar bird species, and a hooked
beak is appropriate for this purpose because this feature is
unique for birds of prey in Central Europe, where parrots
do not occur.

In accordance with the hypothesis that change of the
body does not influence the recognition, the sparrowhawk
with pigeon body (HHP) is not treated as less dangerous
than HHH, and the pigeon with sparrowhawk body (PPH)
is not more dangerous than the PPP. However, the HHP is
also not treated as more dangerous than PPP. It implies that
some of the cues usable for recognition of sparrowhawk are
present on its body.

Based on these results, we may rule out the theory that
any of the typical predator features (general—hooked beak,
or species specific—yellow eye) acts as a universal key
feature for predator recognition in untrained birds as pro-
posed by the classical ethological school (Tinbergen 1948).
Moreover, the behaviour reflected by the second PCA axis
implies that tits have a complex image of how the pigeon
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Fig. 4 Scores of individual tits on the first and second RDA axis in
the presence of individual dummies. For explanations of behavioural
types, see “Materials and methods”. For explaining the abbreviations
of dummy types, see Table 1. Triple asterisk indicates the dummies
with very significant effect on behaviour of tits (p < 0.01). Asterisk
indicates the dummies with significant effect on behaviour of tits
(p < 0.05). NS indicates the dummy with no significant effect on the
behaviour of tits (p > 0.05)

and sparrowhawk should appear. Tits showed interest in
the modified dummies, and it seems that they are aware of
any strangeness in the chimeras. Tits were the most inter-
ested in the dummies with interchanged eyes (PHH and
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HPP). Thus, it seems that tits use both key features and
more complex concepts for predator recognition and cate-
gorization. Local key features allow the fast and simple
recognition and categorization of familiar species which is
necessary for effective anti-predatory behaviour. On the
other hand, complex concepts may be used for the dis-
crimination of unfamiliar species that must be further
examined.

The importance of local key features for recognition and
categorization in untrained birds has been tested rather
rarely. Several studies show that the absence or replacement
of appropriate eyes (Scaife 1976; Trnka et al. 2012) or beak
(Gilletal. 1997; Patton et al. 2010) results in a decrease in the
ability to recognize a predator (Scaife 1976), nest parasite
(Gill et al. 1997; Trnka et al. 2012), or sexual partner (Patton
etal. 2010). Only (Patton et al. 2010) compared the effect of
eye and beak removal. In contrast to our results, he found that
the beak is more important than the eye for recognition. Male
pigeons showed more courtship behaviour to the image of
female pigeon without eyes than to the one without a beak.
The author hypothesizes that the beak provides useful
information about the quality of a sexual partner such as
efficacy of feeding and parasite control (Patton et al. 2010).
The reason why the eye was a more important feature in our
study could be that it allows the recognition of a specific (and
extremely dangerous) predator species while the beak allows
only the recognition of raptors in general. Therefore, it seems
that the importance of key features is context dependent.

Scaife (1976), Davies and Welbergen (2008), and Trnka
et al. (2012) compared the effect of the absence of key
features on the dummy of a harmful species and their
presence on harmless birds. Scaife (1976) found that a
European kestrel with covered eyes caused less stress
reaction in chickens than a kestrel with conspicuous yellow
eyes (inappropriate for European kestrel) visible, whereas
the presence of yellow eyes on a harmless kiwi increased
the stress reaction significantly. In our study, a similar
effect of mere yellow eyes on the pigeon dummy was not
significant. The reason could be that Scaife (1976) tested a
captive, naive chicken whose ability to recognize a pred-
ator could differ from our experienced wild great tits
(Kullberg and Lind 2002, see below). Davies and Wel-
bergen (2008) tested the importance of hawk-like under-
parts for cuckoo and sparrowhawk recognition. They found
that the absence of this coloration pattern in a cuckoo
lowers fear of the dummy and the presence of it in a dove
increases fear of that dummy in tits on winter feeders. On
the other hand, the absence of barring did not lower the
ability of the tested tits to recognize the dummy as a
sparrowhawk. It seems that the manipulation with under-
part barring in this study influenced the dummies’ recog-
nition more than the body manipulation in our experiments.
The explanation could be in the different experimental

design. The tits in the experiment at winter feeder (Davies
and Welbergen 2008) observed the presented dummies
from a further distance, while in our experiments, they
could see them at close range. Extensive and contrast
barring should be visible and recognizable from further
distance than the detailed features like eyes or beak. Trnka
et al. (2012) found that the reaction of great reed warblers
was not aggressive to an unmodified dove and to the dove
with cuckoo body. Thus, contrary to the experiments of
Davies and Welbergen (2008), the mere barred underparts
did not cause aversion to the dummy. The reaction to the
dummy of the cuckoo with a dove body did not differ from
the reaction to the unmodified cuckoo. These results are in
better agreement with ours than the results of Davies and
Welbergen (2008). The explanation may be that the great
reed warblers were physically attacking the dummies and
so they could assess all the potential key features from
proximity.

Categorization processes have also been intensively
studied in pigeons under laboratory condition using oper-
ational conditioning. Discrimination between the chimeras
of cats and dogs (Ghosh et al. 2004) or mammals and birds
(Cook et al. 2013) has been tested. Contrary to our results,
the chimeras’ discrimination was based rather on the body
than on the head. The main difference between their and
our experiments is that pigeons were presented two-
dimensional images which may not be relevant to them
(see Weisman and Spetch 2010 for review). We may
hypothesize that our tits were searching for key features on
the head part, because they were aware of the stimulus
being an animal. Pigeons confronted with non-relevant
stimuli search for the features usable for categorization on
the greatest part of the stimulus, which is the body.

Our results can be compared with the experiments aimed
at human face recognition as well. Matsukawa et al. (2004)
examined the effect of deletion of individual elements of
line drawings. Deletion of eyes and eyebrows considerably
suppressed responding, while the deletion of the other parts
(nose and mouth, ears, and head contours) did not. It is in
accordance with our results about the importance of the
eyes. However, the pigeons’ discriminative performance
was substantially impaired by fragmentation. It suggests
that the pigeons use both global and local features for
discrimination. Jitsumori and Yoshihara (1997) trained
pigeons to discriminate between happy and angry human
faces. The pigeons directed their pecks predominantly to
the mouth or eyes, eventually the area between them,
which implies that these features were important for face
recognition. The pigeons were subsequently tested with
stimuli manipulated by substitution or removal of facial
features. The importance of particular features differed
considerably among the birds but generally, the pigeons did
not perform as single-feature detectors because no feature
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was dominant over the others and discrimination was based
on an additive integration of individual features. Both
studies imply that the pigeon is able to adjust the dis-
crimination depending on the particular perceptual context
and it is possible that untrained tits can also adapt the
choice of the cues for recognition to the situation they are
just facing.

As previously mentioned, the reaction to the dummies
was not unequivocal. There was a fluid gradient of the tits’
responses both in stress (first PCA axis) and interest (second
PCA axis) to particular tested dummies, more significant in
the case of the interest in chimeras. These results may have
been caused either by inconsistency in the behaviour of
individual tits or by differences in behaviour among the
individual tits. The results of RDA with the depicted reac-
tions of individual tits show that their behaviour is rather
consistent during the experiment but there is a great vari-
ability among individuals. The tits were mostly scared in the
presence of the sparrowhawk and mostly calm (feeding) in
the presence of the pigeon, while in the presence of some
chimeras, a portion of the tits were scared while others were
calm (Fig. 4). It seems that individual tits evaluate the cues
provided by the chimeras in different ways.

The reason for individual differences in behaviour
toward the chimeras may be the different experience or
personality of the tested birds. We are not able to gauge
these differences because we have no prior knowledge of
the experience or personality of the tested tits before they
are caught in the wild. Great tits are one of the first birds
whose personality has been tested and shown. There are
consistent behavioural differences among individual tits,
which are usually referred as “fast” or “slow” (e.g. Ver-
beek et al 1994; Dingemanse 2002). Quinn et al. (2012)
tested and showed that personality influences the resolution
of trade-off between foraging and anti-predatory behav-
iour. Slow females and juveniles were less responsive to
increasing predation risk than fast females and juveniles.
Another possibility could be that the individual birds differ
in their cognitive style which could influence their ability
or propensity to see the stimuli as not real (Carere and
Locurto 2011; Sih and Del Giudice 2012).

The importance of experience in predator recognition
has also been tested. A comparison between naive 30-day-
old great tit fledglings and wild-caught 4-month old tits
showed that the naive tits were not able to discriminate the
predator from a harmless species but the wild-caught tits
were (Kullberg and Lind 2002). Studies with birds from
areas without the presence of predator also confirm the
importance of experience. Birds from areas without pre-
dators are not able to recognize a predator, but one-event
learning is enough for proper later recognition (Maloney
and McLean 1995; McLean et al. 1999). Our tits come
from Central and Eastern Europe (Cepdk et al. 2008), and
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so, all of them have had the opportunity to encounter res-
ident sparrowhawks (Cramp et al. 1994). However, a sig-
nificant portion of the birds are yearlings (Cepak et al.
2008) in which we can assume lesser experience with
predators than in older individuals.
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ABSTRACT

It is supposed that body size serves as an important cue in the recognition of relevant stimuli in nature.
As predators of varying body size pose differing levels of threat, their potential prey should be able to
discriminate between them. We tested the reaction of great tits (Parus major) to the dummies of their
common predator (the European sparrowhawk—Accipiter nisus) in natural and reduced body sizes under
laboratory conditions. All of the tested dummies possessed local raptor-specific features (hooked beak,
claws with talons, and conspicuous eyes), but differed in global species-specific features: body size (large
- the size of a sparrowhawk, small - the size of a great tit) and colouration (sparrowhawk, great tit, robin,
and pigeon). The sparrowhawk-coloured dummies evoked fear regardless of their size while both great
tit- and pigeon-coloured dummies evoked no fear reaction. The body size was used as the cue only for the
discrimination of the robin-coloured dummies. The differences in reactions to the dummies with robin
colouration (species unimportant to the great tits) could be explained as that the tits are able to recognize
these birds in nature, but not so undoubtedly as the predator or the conspecific.

Untrained birds

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Object recognition and categorization play an important role in
animal life as it allows for an effective, fast,and appropriate reaction
to objects (Shettleworth, 1993, 2010). Animals in the wild possess
the ability to recognize objects that are in some way relevant to
them (Shettleworth, 2010). Such objects usually represent food,
sexual partners, or predators (Strnad et al., 2012; Vesely and Fuchs,
2009; Vesely et al., 2013). The animals can use either local or global
features for precise object recognition (Jitsumori and Delius, 2001).

The largest portion of our knowledge on the usage of these two
types of features comes from experiments with captive animals
that were trained to discriminate modified pictures of conspecifics
(e.g. Marsh and MacDonald, 2008), humans (e.g. Aust and Huber,
2002), or other objects (e.g. Kirkpatrick-Steger et al., 1998; Goto
et al., 2004; Matsukawa et al., 2004). Partial local features typical
for natural stimuli (e.g. eyes, head, or hands of animals or humans)
were shown to play animportant role in natural stimuli recognition,
whereas more conspicuous, global features (such as overall body
shape) were important for artificial stimuli recognition. However,
it seems that animals are able to use both local and global features
and switch between them when needed (Fremouw et al., 1998;
Fremouw et al., 2002).

* Corresponding author. Fax: +420 385310366.
E-mail address: petr-vesely@seznam.cz (P. Vesely).
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Some experiments were also conducted with untrained ani-
mals, either in natural (e.g. Curio, 1975; Gill et al., 1997; Thorogood
and Davies, 2012; Trnka et al., 2012), or laboratory conditions (e.g.
Karplus and Algom, 1981; Patton et al., 2010; Berankova et al.,
2014).

These studies found that local features like the colour of eyes,
shape of beak and mouth, or conspicuous components in coloura-
tion are essential for the proper recognition of a predator (e.g. Curio,
1975; Karplus and Algom, 1981; Gill et al., 1997; Berankova et al.,
2014), nest parasite (e.g Thorogood and Davies, 2012; Trnka et al.,
2012) or conspecific (e.g. Patton et al., 2010). Moreover, some stud-
ies imply that birds are able to use a combination of features in
object recognition (e.g. Trnka and Prokop, 2012; Berankova et al.,
2014). If the local features are not available for recognition, birds
can do without them and use only global features. An example is
the recognition of raptor silhouettes (e.g. Evans et al., 1993).

Another possible global feature used in predator recognition
is body size. Predators of different body size should be discrimi-
nated between because they can pose different levels of threat to
the potential prey in invertebrates (e.g. Binz et al., 2014) as well
as vertebrates (e.g. Swaisgood et al., 1999). Body size is especially
important in birds of prey because they are quite similar in overall
appearance as well as body shape, but their size provides a reliable
indicator of the level of threat they pose to the potential prey. A
small raptor is more dangerous for small prey, while a large raptor
is a greater threat to large prey.
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It has been repeatedly showed that various bird species can dis-
tinguish between raptors differing in size. Domestic hens (Gallus
gallus f. domestica) react differently to the variously sized trained
live raptors (Palleroni et al.,2005). Wild Carolina chickadees (Poecile
carolinensis), tufted titmice (Baeolophus bicolor), and captive black-
capped chickadees (Poecile atricapilla) react differently to stuffed
raptors of various sizes via differing the intensity of their warn-
ing calls (Soard and Ritchison, 2009; Courter and Ritchison, 2010;
Templeton et al., 2005). Chickens (Gallus gallus f. domestica) as well
as blue tits (Cyanistes caeruleus) can even recognize differences in
the size of flying silhouettes (Evans et al., 1993; Klump and Curio,
1983).

All of the stimuli used in the studies mentioned above were
either real or created to simulate real raptors. These results show
that birds are able to distinguish between raptors differing in size,
but they do not answer the question of whether size is an impor-
tant feature in the recognition of particular raptor species. In other
words, if the particular raptor species can be recognized in its
“proper” as well as its “wrong” size.

The fact that birds are able to use size as a cue in object recogni-
tion was supported by experiments testing trained animals. It was
shown that European starlings (Sturnus vulgaris) can perceive a dif-
ference of as little as 5% in size asymmetry (Swaddle and Johnson,
2007). Pigeons (Columba livia f. domestica) are also able to notice a
size change in the stimuli. On the other hand, this change does not
disrupt the birds’ ability of discriminate regarding the sameness
or differentness of the multi-item array (Castro and Wasserman,
2010). Pigeons are also able to generalize their object discrimi-
nation of smaller and larger versions of objects familiar to them
through training, but their performance drops as the size increases
or decreases relatively to the trained size (Peissig et al., 2006).

We decided to test how untrained birds (great tits) generalize
the most dangerous predator of small passerines in Europe (the
European sparrowhawk, Accipiter nisus) using a smaller dummy of
the species, which they have no experience of. The sparrowhawk
is characterized not only by raptor specific features (eye, beak and
claws) but by a species specific features (size, overall colouration)
as well. Raptor specific features are typical local features. On the
other hand, overall colouration pattern composed of the set of the
partial local features (e.g. barred under-part, greyish back) can be
considered as a global feature (Aust and Huber, 2001) the same
way as the size. Therefore, we used dummies with the coloura-
tion of three harmless birds: a pigeon (comparable in body size to
the sparrowhawk), robin (comparable in body size to the great tit)
and great tit (conspecific colouration) as well as the dummies with
sparrowhawk colouration. The dummies possessing the above-
mentioned colourations were made in the sizes of a sparrowhawk
as well as in the size of a great tit. Behaviour of the tits without the
presence of any dummy was used as a control condition.

Null hypothesis of our experiments states that recognition is
based on the raptor specific features and all of the dummies
would induce fear (the same amount) in the tits. Falsification of
this hypothesis means that recognition is based also on the col-
oration and/or size. Then we can predict that: (1) only larger
dummies would induce fear in the tits—the recognition is based
on the presence of raptor-specific features on the dummy of
the size of a sparrowhawk, (2) only the dummies with the
sparrowhawk colouration would induce fear in the tits—the recog-
nition is based on the presence of raptor-specific features and
sparrowhawk colouration, (3) only the unmodified, realistic spar-
rowhawk dummy would induce fear—the recognition is based on
the presence of raptor-specific features and body size as well as the
colouration of the sparrowhawk, (4) all but the dummies with con-
specific (great tit) colouration would induce fear—the recognition
is based only on the presence of raptor-specific features, but the
conspicuous conspecific colouration cancels out their effect.

1.1. Terminological comment

We often use a term “recognition” that unfortunately has no
unambiguous meaning. It is the term connected to the memory
in psychological research and refers to the successful recalling of
the previously learnt stimuli. However, recognition can also refer
to classifying objects or other animals appropriately on the first
encounter by means of some distinctive feature (Shettelworth,
2010). This meaning is common in behavioural ecology and we
use it for purposes of our study. The reason is that experiments
with untrained animals do not allow testing the recognition based
on previous learning. The ability to recognize presented stimuli in
behavioural studies is evaluated on the basis of appropriate reac-
tion to the biologically meaningful stimulus (Krebs and Davies,
2009).

2. Methods
2.1. Subjects

The great tit was chosen as a model species. Great tits are very
adaptable to laboratory conditions (e.g. Dingemanse et al., 2002).
Moreover, no neophobic reaction that could negatively influence
their behaviour in the presence of an unfamiliar stimulus has been
found in this species (Cole et al., 2011).

The birds were trapped in mist-nets in the suburban areas of
Ceské Bud&jovice (Czech Republic) during the winter seasons of the
years 2011-2012 using the same procedure as in Berankova et al.
(2014). Experiments conducted during the winter season ensure
that yearlings are already able to recognize the sparrowhawk prop-
erly (Kullberg and Lind, 2002). Each bird was tested only once. One
hundred eighty individuals were used for all the experiments (20
tits for each dummy, with eight dummies presented and 20 con-
trol tits). Sex ratio in our experiments was balanced and had no
significant effect on great tits reactions to the presented dummies
(p=0.677).

Authors have complied with APA ethical standards. Experiments
carried out in this research comply with the current laws of the
Czech Republic.

2.2. Experimental stimuli

The European sparrowhawk is the main predator of small
passerines in Europe (Zawadzka and Zawadzki, 2001; Bujoczek and
Ciach, 2009; Chamberlain et al., 2009). It has already been estab-
lished that wild great tits are able to recognize a sparrowhawk and
distinguish it from less dangerous raptor species (Tvardikova and
Fuchs, 2011).

Plush dummies were made of hollow textile fibres on a wire
skeleton. The plush surface was painted with acrylic colours to
imitate the bird’s feathers. The beak and claws were made from
modelling clay; the eyes were made of glass. The efficiency of such
dummies in experiments with passerines has already been demon-
strated by Némec et al. (2015). In our study, we used four different
colour modifications of the sparrowhawk (Fig. 1). As well as for
the unmodified, realistic sparrowhawk colouration (indexed as H),
we used the colourations of a pigeon (P) and a robin (R) as they
are harmless birds approximately of the same body sizes of a spar-
rowhawk and a great tit respectively. The last colouration used was
that of a conspecific great tit (T). One set of dummies was larger
(indexed as L—LH, LP, LR, LT)—the size of a female sparrowhawk
(body length 35cm), and the second set was smaller (indexed as
S—SH, SP, SR, ST)—the size of a great tit (body length 15 cm). All
of the dummies we made to imitate a sparrowhawk resting on a
perch. There is no raptor with a body size similar to that of the
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Fig. 1. Presented dummies. LH—large hawk, SH—small hawk, LR—large robin,
SR—small robin, LP—large pigeon, SP—small pigeon, LT—large tit, ST—small tit.

great tit in Europe; thus, the smaller sparrowhawk dummies could
not be familiar to great tits.

2.3. Experimental design

Before the experiment started, the birds had been deprived of
food for 1.5h to gain motivation. Afterwards, they were released
into an experimental cage (2 x 1 x 0.5m). The cage was equipped
with corn bedding, perches, a nesting box and a dish with sun-
flower seeds in the front part. The dummy was positioned in front
of the experimental cage so that it was facing toward the subject.
In the case of the control sessions, only an empty perch was pre-
sented in front of the cage. The experiment started after the removal
of a wooden barrier between the tested bird and the rest of the
cage, including the dummy. The behaviour of the birds during their
exposure to the dummies was recorded on video for 10 min.

©
° control
Sfeeding

approach
move

«Q
<

-1.0 1.0

Fig. 2. Position of particular dummies on the first and second canonical axis of
the principal component analysis created on the basis of particular behavioural
responses of the birds performed towards these dummies. The first axis explains
44.,6% of variability; the second axis explains 27.0% of variability. Control=no
dummy, ST—small tit, SR—small robin, LT—large tit, LP—large pigeon, SP—small
pigeon, LR—large robin, LH—Ilarge hawk, SH—small hawk.

The video was analysed in Observer XT 6.1 (Noldus Informa-
tion Technology, 1990-2006). The total occurrence of the following
behaviours was recorded: raising feathers on head (cap), knee
bending (knee), warning calls (warn), approaching the dummy
up to a distance of less than 1m (approach), movement from
one perch to another (move), scanning the dummy from a dis-
tance of less than 1 m (scan). The total duration of the following
behaviours was recorded: surveying the corn bedding for food
(bedding), feeding on the provided sunflower seeds (feeding), sit-
ting still (sit), and pecking the equipment in the cage (peck). The
inter-rater reliability was estimated by analysing experiments by
two raters (J.B. and P.V.). The correlations between the two sets of
behavioural measures were calculated using correlation matrices
(package Hmisc)in R 2.12.2 (R Development Core Team, 2011). The
results show significant correlations (p <0.01) in all of the observed
behaviours (cap, r=0.73; knee, r=0.83; warn, r=0.99; approach,
r=0.80; move, r=0.95; scan, r=0.32; bedding, r=0.92; feeding,
r=0.99; sit, r=0.87; peck, r=0.79).

2.4. Statistical analysis

The tit behaviour (including all of the activities mentioned
above) was analysed using the multivariate technique—the prin-
cipal component analysis (PCA) using Canoco 5 software (ter Braak
and Smilauer, 1998) to find out if there was a consistent reaction
to the dummies. The dummies were used as supplementary envi-
ronmental data in PCA. PCA scores on the first and second axis
were of a Gaussian distribution and were subsequently used as
synthetic dependent variables in ANOVA using STATISTICA 9.1 soft-
ware (StatSoft Inc., 2009) to test the effect of particular parameters
of the tested dummies (the size, colour, and their interaction) on
the tits’ behaviour. The differences among the individual dummies
were consequently compared using the Tukey HSD post hoc test
(againin STATISTICA 9.1 software). We alsoran aredundancy analy-
sis (RDA) in Canoco 5 software with the dummies as environmental
data to compare the behaviour of individual tits towards the tested
dummies. The data for PCA and RDA analysis were logarithmically
adjusted and centred.

3. Results

Principal component analysis (PCA) shows that there are con-
sistent reactions to the presented dummies (Fig. 2). The first
PCA axis explains 44.6% of the variability of the birds’ behaviour
and separates the stress behaviour (knee-bending, warning calls,
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Table 1

Differences in the reaction to individual dummies on the base of scores on the first
canonical axis of the principle component analysis (PCA), Tukey HSD test, p-values.
Significant p values indicated in bold.

Dummy LH LT LR LP SH ST SR SP
LH - - - - - - -
LT 0.023 - - - - - -
LR 0.999 0.157 - - - - -
LP 0.099 1.000 0.417 - - - -
SH 0.991 <0.001 0.797 0.005 - - -
ST 0.002 0.999 0.027 0.971 <0.001 - -
SR 0.006 1.000 0.055 0.994 <0.001 1.000 -
SP 0981 0344 1.000 0.679 0.550 0.082 0.150

Control  0.004 1.000 0.040 0.987 <0.001 1.000 1.000 0.117

LH—Ilarge hawk, LT—Ilarge tit, LR—large robin, LP—large pigeon; SH—small hawk,
ST—small tit, SR—small robin, SP—small pigeon, control = no dummy.

raised feathers on the head) from other behavioural types (cage
exploration or feeding). The second PCA axis explains 27.0% of
the variability. Negative values on this axis correlate with an
increased movement of the tits in the cage (flying and approach-
ing the dummy). The type of dummy influences the position of the
tested birds on the first PCA axis (one-way ANOVA, Fg 171 =7.047,
p<0.001). The tits showed higher amounts of stress-induced
behaviour (positive values on the first PCA axis) in the pres-
ence of both sparrowhawk dummies (LH and SH) and the large
dummy with robin colouration (LR) than during the control trial.
The behaviour of tits in the presence of the great tit dummies
(LT, ST), pigeon dummies (LP and SP) and the small dummy with
robin colouration (SR) did not differ from behaviour during the
control trial. (Tukey HSD test, Table 1, Fig. 3). The type of dummy
influenced the position of the tits on the second PCA axis as well
(one-way ANOVA, Fg 171 =2.459, p=0.015). However, none of the
pot-hoc tests testing the differences among individual dummies
was significant.

RDA confirmed that there were significant differences in the
tits’ behaviour in the presence of most of the individual dum-
mies (Monte Carlo permutation test, F=4.616, p=0.002; Fig. 4).
The first RDA axis explains 12.9%; the second axis explains 3.0%
of the variability of the birds’ behaviour. The marginal effects of all
the dummies besides SP and LR are significant (Table 2). The RDA
scores for most of the individual tits for the first as well as second
canonical axes are far from the zero value in the case of all the dum-

2.0

first PCA axis scores

0 o Mean
control ST SR LT LP SP LR LH SH [] Mean +- SE

dummy T Mean +-2° D

Fig. 3. Position of the birds confronted with particular dummies on the first canon-
ical axis of the principal component analysis (PCA scores). Positive values reflect
the stress behaviour; negative values reflect the interest in dummies or comfort
behaviour. Control = no dummy, ST—small tit, SR—small robin, LT—large tit, LP—large
pigeon, SP—small pigeon, LR—large robin, LH—large hawk, SH—small hawk.

Table 2

Marginal effects of individual dummies in redundancy analysis (RDA).
Dummy Explains% F-values p-Values
SH 52 9.8 0.002
Control 3.1 5.7 0.002
LH 2.7 5.0 0.004
ST 24 4.4 0.004
SR 1.6 3.0 0.026
LT 14 2.6 0.048
LP 1.4 2.6 0.05
LP 1.0 1.9 0.116
SP 0.9 1.7 0.116

mies. This means that there was always a consistent response by
individual birds to them. In most of the dummies, this response was
predominantly stress, unconcern, or interest. Nevertheless, in the
case of SP and LR, particular birds occur evenly on opposite posi-
tions on both axes. This means that some birds considered these
dummies to be dangerous, other observed them and behaved as if
there was no relevant stimulus.

4. Discussion

None of our predictions was fully supported by our results. The
reason is that the great tits probably combined local raptor-specific
features (hooked beak, claws with talons, conspicuous eye with
prominent eyebrow) and species-specific global features (coloura-
tion and size) in the process of predator recognition. Their actual
importance probably depends on the whole context of the other
stimulus properties, especially their relevance to the tested tits. The
presence of key features by itself is not enough for tits to recognize
the dummy as a sparrowhawk, or raptor. Neither the great tit dum-
mies (LT and ST), pigeon dummies (LP and SP), nor the small dummy
with robin colouration (SR) were considered dangerous, regardless
of the presence of conspicuous raptor features. On the other hand,
a combination of raptor features and appropriate colouration was
certainly enough, but not necessary, for the tested birds to rec-
ognize a predator in the presented dummy because besides both
sparrowhawk dummies (LH and SH), the large dummy with robin
colouration (LR) was considered dangerous as well.

Also, according to our results, size does not play a simple role
in raptor recognition. Two of the large dummies (LH and LR) were
treated as dangerous while the other large dummies (LT and LP)
were treated as harmless. Most of the small dummies were treated
as harmless. However, the reaction to the small sparrowhawk
dummy (SH) was as strong as to the unmodified sparrowhawk
(LH) regardless of its improper size. It is supposed that the typical
colouration pattern overwhelmed the effect of the improper body
size in this case. Similarly, sparrowhawk-like colouration increases
fear of the grey form of the cuckoo (Cuculus canorus) (Welbergen
and Davies, 2011) or modified dove dummy (Trnka et al., 2012).
In concordance with our fourth prediction, conspecific (great tit)
colouration in the dummies (LT and ST) really does eliminate fear
of those dummies. However, pigeon (LP and SP) and partially also
robin colouration (SR) eliminates fear as well.

Unlike the other studies testing the role of predator size in recog-
nition, we found no difference in the reaction to the small and large
sparrowhawk dummies unmodified in colour. The reason could be
that the colouration of both of our dummies was identical whereas
the other studies used stuffed (Soard and Ritchison, 2009; Courter
and Ritchison, 2010; Templeton et al., 2005) or living (Palleroni
et al., 2005) birds of prey (raptors and owls) of different species.
Pronounced differences in colouration—e.g. sharp-shinned hawk
(Accipiter striatus) vs. red-tailed hawk (Buteo jamaicensis) in Soard
and Ritchison (2009) or northern pygmy-owl (Glaucidium gnoma)
vs. short-eared owl (Asio flammeus)in Templeton et al. (2005) might
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Fig. 4. Position of particular birds on the first and second canonical axis of the redundancy analysis (RDA) created on the basis of behavioural responses of the birds performed
towards particular dummies. The first axis explains 12.9% of variability; the second axis explains 3.0% of variability. LH—large hawk, SH—small hawk, LR—large robin, SR—small
robin, LP—large pigeon, SP—small pigeon, LT—large tit, ST—small tit, control = no dummy. Significant p values indicated in bold.
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serve as a cue for the discrimination of species varying in body
size. The use of colouration in raptor recognition was confirmed by
different responses towards equally sized raptors—sharp-shinned
hawk vs. American kestrel (Falco sparverius) in Soard and Ritchison
(2009) or prairie falcon (Falco mexicanus) vs. peregrine falcon (Falco
peregrinus) in Templeton et al. (2005). All of the studies mentioned
above used real raptors or owls. Tested birds therefore may have
some experience of them, and they also pose some, varying, level of
threat to them. For example, in the study of Courter and Ritchison
(2010), tufted titmice are less threatened by the larger red-tailed
hawk (hunting mostly squirrels and gophers, Fitch et al., 1946) than
by the smaller sharp-shinned hawk (preferring small passerines,
Mueller and Berger, 1970).

Similarly, birds were able to react differently to variously sized
raptor silhouettes (Evans et al., 1993; Klump and Curio, 1983). The
amount of fear induced by the silhouettes increases with size in
both of the studies. The reason is that the size of the silhouette
provides more information about the height of the flying raptor
above the ground than the actual body size, and thus, warns about
the danger presented by the raptor at that moment (Evans et al.,
1993).

A raptor with a body size comparable to that of our SH does not
occur in Europe and thus tits had no pre-formed ability to differen-
tiate between SH and LH. Therefore, we tested only the importance
of size as a feature for raptor recognition and we showed that size
plays no role when appropriate key features and colouration is
present.

Experiments with artificial stimuli under laboratory conditions
showed that the birds are able to perceive negligible differences in
the stimulus size (e.g. Swaddle and Johnson, 2007). On the other
hand, they are able to treat the stimuli differing in size as equal,
when they are trained to do so (Castro and Wasserman, 2010;
Peissig et al., 2006). It means that under some conditions they are
able to use other determining features and ignore the stimulus size.

The inappropriate size of the dummies seems to play no role
in discrimination in the case of the dummies carrying great tit
colouration, similarly as in the dummies carrying sparrowhawk
colouration. The conspecific colouration is such a strong cue that
even the presence of raptor-specific features cannot make the
dummy dangerous for great tits. It is understandable that conspe-
cific colouration is such a strong cue because all of the individuals
must know it thoroughly to recognize an appropriate mate, com-
petitor, etc.

In a concordance with our first prediction that the larger dum-
mies would cause more fear than the smaller dummies, the dummy
size influenced only the reaction to the dummies carrying robin
colouration. Unlike the sparrowhawk and conspecifics, the robin
is definitely a less important bird species for great tits because it
is neither a predator nor a competitor for them. Therefore, we can
assume that great tits have no motivation to learn how to recognize
them. However, both dummies were treated as harmless in the case
of pigeon colouration and the pigeon is as unimportant as the robin
for great tits at the same time. Of course, the difference between
the pigeon and the robin relies on the fact that the improper size is
the smaller one in the case of the pigeon, and the larger one in the
case of the robin.

Therefore, differences in the reactions to the dummies with
pigeon and robin colouration may be explained by tits being able
to recognize these birds in nature but not so undoubtedly as preda-
tor or conspecifics. A large pigeon and a small robin would then be
recognized as familiar harmless birds regardless of raptor-specific
features. A small pigeon may be perceived as an unfamiliar bird
species, but because of his size probably a harmless one. To the con-
trary, a large robin may be perceived as unfamiliar and a potentially
dangerous bird species because of its large size and the presence
of raptor features. Such a conclusion may seem to be rather spec-

ulative, but it is supported by the overall reaction to the small
dummy with the pigeon colouration and the large dummy with
robin colouration. In the presence of both of these dummies, the
significant part of the tested birds reacted conversely to the rest
(see later). This fact indicates that these dummies carry conflicting
features for great tits.

It is certain that wild living great tits repeatedly meet both
pigeons and robins. Despite the fact that they are not biologically
relevant to them, the ability to recognize them could probably help
tits to quickly discriminate between novel and potentially relevant
stimuli, e.g. an unfamiliar predator. Our results actually suggest
that the birds are able to discriminate between more objects in the
nature than might be expected based on their basic need to feed,
avoid predation, and successfully reproduce. Indeed, experiments
based on operant conditioning showed that trained pigeons under
laboratory conditions are able to learn to discriminate between as
many as 320 particular photographs of non-relevant stimuli and
remember them for at least two years (Vaughan and Greene, 1984).

Our results could seem too complicated at the first sight but we
can assume one general conclusion. There is a lot of studies showing
the ability of untrained birds to distinguish among various predator
species, but only a little is known about the process of predator
recognition. Strong emphasis was put on the role of the key features
in predator recognition since the time of experiments conducted
by founders of classical ethology (Lorenz, 1937; Tinbergen, 1948).
However, the laboratory experiments with trained birds imply that
object recognition is a complex process based on more than a few
local features (Huber, 2001).

Our study using untrained birds and altered naturally rele-
vant stimuli under controlled laboratory conditions demonstrate
that even the untrained bird spontaneously use rather a complex
approach to the recognition and do not rely on a simple presence
or absence of partial key features.

The results of the redundancy analysis showed that the
behaviour of the individual tits was rather consistent during the
experiment which further shows absence of habituation. How-
ever, there was a great variability among the tested individuals.
Especially in the case of SP and LR dummies, various attitudes
were adopted by various birds. It means that a portion of the
birds used rather the harmless features in recognizing the ambigu-
ous dummies while the other portion of the birds used rather
the predator-specific features. Similarly to our previous study
(Berankova et al., 2014) we can see that reaction to the ambiguous
stimuli varies highly according to the individual, probably because
of either different experience or personality.
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It is supposed that coloration may affect the recognition of predators by
prey species; nevertheless, the significance of the coloration and its partic-
ular components in the recognition process remains unknown. We pre-
sented dummies of the European sparrowhawk (Accipiter nisus) with
changed body coloration, but with all other typical features preserved
(body size and shape, beak, eyes, legs), to great tits (Parus major) and blue
tits (Cyanistes caeruleus) visiting a winter feeder. A pigeon (Columba livia
f. domestica) dummy was used as a harmless control. Neither tit species
showed passive avoidance in the presence of a dummy with an artificial,
violet-white chequered coloration. They obviously did not consider such
an object to be a predator despite the presence of the raptor beak, eyes
and talons. Sparrowhawk dummies with the coloration completely chan-
ged (altered with those of a harmless European robin) or with the typical
colour feature removed (barred pattern on the underparts) were consid-
ered to be as dangerous as the unmodified sparrowhawk. We discuss the
possibility that the effect of salient raptor-like features such as beak shape,
eye coloration, and leg and talons shape overwhelmed the effect of body
coloration in these cases. Birds visiting the feeder probably were able to
generalize the vigilance towards the sparrowhawk to other realistically
coloured dummies, but not to the non-natural dummy.
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poorly studied; there is some evidence for this ability

In ion
troductio in mammals (e.g. Arnold et al. 2008 or Stankowich &

Various predators substantially differ in the level of
peril they represent to prey (Caro 2005). These differ-
ences are obvious seen not only between foraging
guilds — for example, aerial vs. terrestrial predators
(McLean & Rhodes 1991; Hogstad 2005) or predators
of nest content vs. predators of adult birds (Amat &
Masero 2004; Hogstad 2005), but also within these
groups (Tvardikova & Fuchs 2011; Strnad et al. 2012).
The prey species should be able to assess the peril rep-
resented by particular predator species, in order not to
be predated, but also not to spend energy on an inap-
propriate antipredatory behaviour (Caro 2005).
Accurate recognition of predators provides the con-
text for the expression of appropriate antipredator
behaviour. The ability of birds to recognize various
predator species differing only in details (equal body
size and shape, but different coloration) is surprisingly

Ethology 122 (2016) 1-8 © 2016 Blackwell Verlag GmbH

Coss 2007). Several studies (Ash 1970; Tvardikova &
Fuchs 2011; Strnad et al. 2012; Trnka & Grim 2013;
Trnka et al. 2015) showed small passerines to be able
to respond variously to the European kestrel (Falco
tinnunculus) and European sparrowhawk (Accipiter
nisus), which represent differing levels of threat, but
vary only slightly in details of coloration.

Classical ethological studies have suggested the role
of salient features in predator recognition. The first
studies focused on the ‘short neck” in the silhouettes
of birds of prey (Lorenz 1939; Kratzig 1940). Conspic-
uous eyes, a curved beak, and long, curved talons are
listed among the features essential for the recognition
of a perching raptor (Scaife 1976, Watve et al. 2002;
Trnka et al. 2012). Nevertheless, such salient features
cannot be used in discrimination between particular
raptor species, as they are common in most of them.



Predator Recognition at the Feeder

Coloration was suggested as the most probable fea-
ture, which can be used for the recognition of the kes-
trel and sparrowhawk (see previous paragraph),
because all other features (size, body shape) are very
similar in the two species. Nevertheless, coloration is a
complex feature and relatively little is known about
which components of this trait are actually utilized for
recognition.

An experimental study by Curio (1975) proved that
if the coloration of a predator (red-backed shrike —
Lanius collurio) is partly changed (different colour of
the back), the prey (pied flycatcher — Ficedula albicollis)
is still able to recognize it as a predator. On the con-
trary, if a characteristic part of coloration (the band
over the shrike’s eyes) is absent, the ability to recog-
nize the predator is notably reduced. More recently,
Davies & Welbergen (2008) and Welbergen & Davies
(2011) proved that the barred pattern on the belly of
the European sparrowhawk is essential for spar-
rowhawk recognition. When this pattern is imitated
by a cuckoo (Cuculus canorus), the cuckoo gains pro-
tection against mobbing by small passerines. These
results suggest that some birds recognize their preda-
tors via specific visual patterns within the larger back-
ground coloration of their bodies. On the other hand,
if the coloration of a raptor’s body is completely differ-
ent, the ability to recognize the predator is significantly
lowered as well, despite the presence of the specific
coloration trait (Curio 1975). Similar results were
obtained in a study (Berankova et al. 2015), where
textile sparrowhawk dummies were presented to great
tits (Parus major). Tits showed lower fear towards the
sparrowhawk coloured as pigeon (Columba livia f. do-
mestica) or great tit than towards an unmodified spar-
rowhawk. Generally, it is hard to make a clear
conclusion about what change of the coloration results
in the inability of appropriate recognition.

In the present study, we decided to test the ability
of titmice (great and blue tits — Cyanistes caeruleus) at
the winter feeder to recognize dummies carrying all
the features typical of their most common predator —
the European sparrowhawk (curved beak, yellow
eyes, long legs with curved talons), but differing in
body coloration. The birds at the feeder seem to give
the clearest and easily measurable response describing
their ability to treat presented object as a predator.
Multiple studies (e.g. Hill 1986; Davies & Welbergen
2008; Tvardikova & Fuchs 2010, 2011, 2012) have
shown that in the presence of an object perceived as a
danger, the birds cease to visit the feeder. The other
parameter affecting feeder attendance is the weather,
which must be checked and included in the analyses
if necessary.
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Tvardikova & Fuchs (2011) showed that tits avoided
visiting the feeder significantly more when there was
a stuffed sparrowhawk than when there was a stuffed
kestrel. This gives us the opportunity to distinguish
between the response to the sparrowhawk (the most
dangerous) and to a general raptor (probably less dan-
gerous). If the feeder attendance in connection with
the colour modifications of the sparrowhawk does not
differ from the feeder attendance in the presence of
the unmodified sparrowhawk, we may consider that
it was successfully recognized as a sparrowhawk (not
as a raptor in general).

There were three experimental treatments using
predator colour modifications with different degrees
of visual complexity. The least complex modification
omitted the cluster of repetitively horizontal bars on
the dummy’s underparts. According to some studies
(Welbergen & Davies 2011), this trait is seen to be
essential for recognition; nevertheless, other studies
(e.g. Curio 1975; Trnka et al. 2012) show that such a
change in coloration does not prevent successful
recognition. A more complex modification completely
changed the whole dummy coloration, yielding a pat-
tern of coloration similar to that of a harmless small
passerine bird, the European robin (Erithacus rubecula)
familiar to the tested tits. Laboratory experiments of
Berankova et al. (2015) showed that great tits recog-
nize the very same dummy as a predator; while when
coloured as another harmless bird, a pigeon, they
treat it as a non-predator. The most complex modifi-
cation completely changed dummy coloration by
using a novel pattern of violet-white chequers that,
despite the presence of eyes and a beak, might camou-
flage the overall shape of the sparrowhawk. Curio
(1975) showed that a complete change of coloration
to some non-natural (green shrike) prevents success-
ful recognition of a predator and such a dummy may
even be treated as a novel artificial object. We chose
the violet-white chequered pattern as it cannot be
familiar to tested birds from the natural environment,
and, we supposed, such an artificial coloration might
overwhelm the presence of eye, beak and talons, and
prevent successful recognition.

We tested the following hypotheses:

1. A realistic-appearing sparrowhawk dummy will be
recognized by subject birds as a dangerous predator
and thus an attractive experimental setting, a bird fee-
der, will be avoided by bird subjects.

2. The dummy without the conspicuous barred pat-
tern will not be recognized as a sparrowhawk preda-
tor, resulting in a feeder attendance by birds that is
lower than the attendance when the sparrowhawk is
present.
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3 The robin-coloured dummy will not be recognized
as a sparrowhawk predator, causing similar feeder
attendance compared to the pigeon dummy but lower
than the unmodified sparrowhawk dummy.

4 The chequered dummy will not be recognized as a
sparrowhawk predator, also causing similar feeder
attendance compared to the pigeon dummy but lower
than the unmodified sparrowhawk dummy.

Material and Methods

Experimental Site and Tested Birds

The experiments were conducted during the winter of
2011/2012 and the experimental feeder was situated
on the north-western edge of the town of Ceské
Budéjovice (GPS: 48°59'37.583"N, 14°26/28.273"E;
393 m above sea level) in an oak—aspen (Quercus sp.,
Populus tremula) forest with willow (Salix) under-
growth, near a pond and a forest footpath. Despite a
broad array of bird species visiting the feeder location,
great tits and blue tits were used as experimental sub-
jects, as their numbers at the feeder were constantly
high during the whole winter. Other species (marsh
tit — Poecile palustris, willow tit — P. montanus and
nuthatch — Sitta europaea) visited the feeder only occa-
sionally and their visits did not affect the responses of
blue and great tits. These latter two species are com-
mon in the Czech Republic and they usually domi-
nate the bird assemblage at winter feeders
(Tvardikova & Fuchs 2010, 2011, 2012).

Predator and Dummies

We selected the European sparrowhawk for our
predator-recognition study because it is one of the
most common predators of small birds in central Eur-
ope (Bujoczek & Ciach 2009). For our predator pre-
sentations, we altered the coloration of the
sparrowhawk by creating textile dummies which
were the same size, same shape of body and possessed

Predator Recognition at the Feeder

the same yellow eyes, claws and curved beak as pre-
sent in a real female sparrowhawk. All the dummies
were made from wire frame and cotton wool wadding
covered with plush. The surface was painted using
acrylic colours, so that the appearance of the surface
was not fluffy as it is when simply covered with typi-
cal plush, but more compact and more similar to the
texture of feathers. The eyes were made of glass and
the legs of modelling clay. Némec et al. (2015)
showed that birds defending their nest respond simi-
larly to these textile dummies as to the stuffed ones
and the ability of tits to recognize a sparrowhawk in
the textile dummies has been proven in laboratory
conditions (Berdankova et al. 2015). As mentioned
above, we examined the provocative effects of the fol-
lowing forms of sparrowhawk coloration: (1) the
unmodified coloration of a female sparrowhawk, (2)
the coloration of a female sparrowhawk with the
barred pattern on the belly and breast removed, (3)
the coloration of European robin and (4) a violet-
white chequered pattern (Fig. 1). A plush dummy of
a domestic pigeon in real size with the eyes, beak and
legs of a domestic pigeon, a completely harmless bird,
was used as a control.

Experimental Design

The feeder was a square, wooden, 50 x 50 cm board
placed on the ground 1.5 m from the nearest shrub
cover which could serve birds as both shelter and a
surveillance position. This arrangement forced the
birds to fly into an open space to get food from the
feeder. The seeds of the sunflower (Helianthus sp.)
were used as an attraction for the birds and provided
ad libitum during the whole winter. The seeds were
also supplied to the feeder immediately before the
experiment. The tested dummies were placed on a
50 cm high wooden pole, 75 cm from the feeder,
always in the same place and position facing the cen-
tre of the feeder. The digital video camera (Panasonic
HC V-510) for recording the whole experiment was

Fig. 1: Presented textile dummies of sparrowhawk. From the left: unmodified female sparrowhawk, sparrowhawk with belly pattern removed,
robin-coloured sparrowhawk, chequer-coloured sparrowhawk and unmodified pigeon. Colour figure can be viewed at wileyonlinelibrary.com
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situated 8 m from the feeder and was covered by the
shrubs. The human observer (MB) was at least 20 m
from the feeder to prevent any disturbances.

The experiments were conducted from 18 Nov.
2011 to 24 Mar. 2012 always in the morning hours,
beginning 1 h after sunrise and under good weather
conditions. Altogether, there were 21 experiments,
each testing all five dummies. One experiment con-
sisted of five trials within 2 d because of time
demands and to avoid any bird habituation. The total
time of experimentation in each day did not exceed
3 h. Every trial consisted of two parts — an empty con-
trol without the dummy and the actual presentation
of the dummy. Each of these two parts lasted 15 min
and they were separated by only a few seconds delay
as the dummy was introduced. The empty control was
used to observe the numbers of birds present at the
feeder in each particular morning. Particular trials
within 1 d were separated by a 30-min pause allowing
birds to calm down and feed on the provided seeds.
The dummy was brought to the feeder covered by a
dark blanket to prevent birds making a connection
between the human intruder and the presented
dummy. The dummies were presented in randomized
order. The bird assemblage remained unknown to a
large extent, but according to random captures and
ringing of birds, we can conclude that the assemblage
changed during the course of the winter, as there was
very little proportion of marked birds present (30
great and 17 blue tits were captured, while only 2
great and 3 blue tits were recaptured). Therefore, we
presumed that the effect of habituation/learning in
the experimental procedure to be marginal. A previ-
ous study, where targeted captures of birds at the fee-
der were conducted (Tvardikova & Fuchs 2010),
showed very strong turnover and thus very little
effect of habituation and learning.

Recorded Parameters and Statistical Analyses

In each trial with dummy, we recorded air tempera-
ture (continuous predictor), the presence of snow
cover (binomial categorical predictor), the dummy
type (categorical predictor) and the order of the par-
ticular dummy within the series (categorical predic-
tor). The number of visits at the feeder was used as
the response variable. This measure roughly corre-
sponds to the number of individuals visiting the fee-
der; nevertheless, a single individual, particularly bold
or habituated to the dummy, could have potentially
returned repeatedly to the feeder, increasing the
apparent number of visits, which causes overdisper-
sion. Therefore, we formed a single generalized mixed
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effect model (GLMM) with a negative binomial distri-
bution. We tested the effect of the interaction of the
predictors bird species (blue or great tit) and type of
dummy present at the feeder. The categorical predictor
dummy type included six values: hawk, belly, robin,
chequer, pigeon and empty control. Given the specific
design (which causes the measures relative to the
absence of the dummy to be always paired with
another treatment), a random effect ‘trial number’
was included. Other predictors included in the model
were presence of snow, air temperature and order of pre-
sented dummy within the series (first fifth) on the num-
ber of visits at the feeder. Planned contrasts were used
to compare particular levels of categorical variables.
To test the first hypothesis, comparisons hawk x
empty and hawk x pigeon were computed. Compar-
isons hawk x belly, hawk x robin and hawk x che-
quer were computed to test the second, third and
fourth hypothesis, respectively. The P level of signifi-
cance for these analyses was lowered from 0.05 to
0.01, as the data for the hawk dummy were used five
times in planned contrasts.

All computations were carried out in the R for win-
dows software (R 3.2.1, R developmental core team).

Results

The interaction of factors tit species, the type of
dummy present at the feeder (GLMM, df =11,
F=6.21, p < 0.001) and the absence or presence of
snow (GLMM, df =1, F=41.36, p < 0.001) signifi-
cantly affected the number of visits to the feeder.
Other factors had no significant effect (air tempera-
ture: GLMM, df =1, F=0.01, p=0.977;, order of
presentation: GLMM, df = 4, F = 0.29, p = 0.137).

In the case of great tits, the number of visits to the
unmodified sparrowhawk was significantly lower
than the number of visits to the pigeon dummy
(planned contrasts; ¢t = 3.856, p = 0.001; Fig. 2) as
well as the empty control (planned contrasts;
t=5.110, p <«0.001; Fig. 2). The number of visits to
the unmodified sparrowhawk was also lower than the
number of visits to the chequered sparrowhawk
(planned contrasts; t = 3.112, p = 0.008; Fig. 2), but
did not differ from the number of visits to the plain-
bellied sparrowhawk (planned contrasts; = 0.499,
p = 0.538; Fig. 2) or robin-coloured sparrowhawk
(planned contrasts; t = 0.678, p = 0.711; Fig. 2).

In the case of blue tits, the number of visits to the
unmodified sparrowhawk was significantly lower
than the number of visits to the pigeon dummy
(planned contrasts; t = 3.101, p = 0.010; Fig. 3) as
well as the empty control (planned contrasts;
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Fig. 2: The effect of the type of the dummy
presented on the number of visits of great tits
at the feeder in the presence of particular
dummies. Hawk — unmodified female of the
European sparrowhawk (Accipiter nisus); belly
— sparrowhawk deprived of the coloration of
underparts; robin — sparrowhawk coloured as
the European robin (Erithacus rubecula); che-
quer — sparrowhawk with artificial violet-white
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t=4.215, p < 0.001; Fig. 3). The number of visits to
the unmodified sparrowhawk was also lower than the
number of visits to the chequered sparrowhawk
(planned contrasts; t = 3.111, p = 0.008; Fig. 2), but
did not differ from the number of visits to the plain-
bellied sparrowhawk (planned contrasts; ¢ = 2.191,
p = 0.138; Fig. 2) or robin-coloured sparrowhawk
(planned contrasts; t = 2.611, p = 0.071; Fig. 2).

Both tit species more commonly visited the feeder
when there was snow cover (planned contrasts,
t=28.259,p < 0.001).

Discussion

The tits visited the feeder less when there was an
unmodified sparrowhawk present. This result agrees
with our previous study showing great tits in
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laboratory conditions responding to the textile
dummy of the unmodified sparrowhawk with stress
behaviour. The responses of great tits to both dum-
mies for which the comparison can be made (unmodi-
fied sparrowhawk and sparrowhawk coloured like a
robin) were similar in the laboratory and winter fee-
der conditions. This suggests that the low attendance
of the feeder might be a result of fear.

Great tits showed similar passive avoidance in the
presence of almost all of the modified sparrowhawks
as in the presence of the unmodified sparrowhawk,
the chequered sparrowhawk being the exception,
which confirms our third hypothesis. Blue tits showed
no less passive avoidance in the presence of almost all
the modified sparrowhawks than in the presence of
the unmodified sparrowhawk. The chequered spar-
rowhawk was again the exception.
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Great tits had a generally lower feeder attendance
than the blue tits in relation to most of the presented
dummies (with the exception of the sparrowhawk
with the violet-white chequered pattern). The reason
for this behaviour may be explained in multiple ways,
which all may be compatible. (1) Blue tits showed less
neophobia towards modified dummies, which is unli-
kely, because blue tits are generally shown to be
rather more neophobic than great tits (Vesely et al.
2006, 2013; Exnerova et al. 2007; Prokopova et al.
2010). (2) Blue tits are not able to identify the spar-
rowhawk in the robin and belly dummies, while, at
the same time, they do not consider them to be harm-
less birds (probably because of the presence of recog-
nizable raptor features). This would suggest different
cognitive capacities for blue and great tits, which have
never been documented (Healy & Krebs 1996;
McGregor & Healy 1999; Lind et al. 2003). (3) The
most probable explanation more likely resides in the
differing motivation of the two species in visiting the
feeder than in their recognition abilities. The great tit
is the dominant species in winter flocks, while, by
contrast, the blue tit appears to be interspecifically
submissive (Ekman 1989; Haftorn 1993). The blue tits
may therefore use the absence of great tits at the fee-
der when a predator is present and risk visiting the
feeder. If we consider the perceptual abilities of both
titmice species as equivalent, we may argue that both
species perceive the modified dummies as strong gen-
eralizations of a sparrowhawk approximating the real-
istic-appearing sparrowhawk dummy (Stankowich &
Coss 2007). Nevertheless, great tits are less likely to
approach them.

All the presented modified dummies were unfamil-
iar to the tested tits, so that some level of neophobia
towards them could be expected. In our experiments,
we were not able to set apart the effect of fear when a
sparrowhawk (raptor) is recognized and the effect of
neophobia when a novel object is encountered. Nev-
ertheless, neophobia is usually considered to be rather
a short-term event (disappears within minutes — Mar-
ples & Kelly 1999), and tits in our experiments had
15 min to become accustomed to novel stimuli. More-
over, the level of feeder attendance significantly dif-
fered among dummies, according to the similarity to
the unmodified sparrowhawk. No fear/neophobia
response of tits was recorded towards the strangest
dummy, the sparrowhawk with the chequered
pattern, which also speaks against the presence of
neophobia.

Our most interesting result is that without a
doubt the equally less inhibited response of both spe-
cies in approaching the sparrowhawk painted with a
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violet-white chequered pattern. This result can be
explained by the existence of a general concept of a
bird, which has been repeatedly documented to be
formed in birds (Ghosh et al. 2004; Matsukawa et al.
2004; Shettleworth 2010; Cook et al. 2013). A violet-
white chequer-coloured sparrowhawk obviously does
not match this concept. This is why the raptor features
present on this dummy do not elicit similar responses
in tits as they do when present on other modified
dummies.

An alternative explanation is based on the impor-
tance of the perception of the general shape of the
predator. The lack of avoidance of the feeder during
the presentation of the chequered dummy might be
based on the visual disruption of continuously smooth
sparrowhawk contours by the contrasting violet che-
quered diamonds. The importance of the figure shape
was shown, for example, by Curio (1975). In his
experiments, flycatchers gave a high rate of alarm
calls to a simplified owl dummy without feathers and
coloration (except for the eyes). They showed this
response only after being primed by pre-exposure to a
realistic owl model; nevertheless, this was not the case
for the red-backed shrike dummy. The owl dummy
obviously has a typical body shape usetful in recogni-
tion. The conspicuous chequered pattern might have
disrupted the general body contours and prevented its
recognition as a sparrowhawk. This type of contour
disruption has been numerously described in the liter-
ature (reviewed by Stevens et al. 2009). Thus, despite
the presence of eyes and a beak, the general appear-
ance of the chequered dummy would not likely
appear as bird-like.

Both tits showed a high level of feeder avoidance in
the presence of the sparrowhawk with the harmless
robin coloration. This result suggests that dummies
combining any real coloration with the presence of
raptor/sparrowhawk features like the curved beak,
conspicuous eyes, or long legs with talons are recog-
nized as potentially dangerous. This result agrees with
studies testing the effect of particular raptor features
(Berankova et al. 2014, 2015). Moreover, the col-
oration of the robin might be mistaken for the col-
oration of an adult male sparrowhawk, having rusty
to orange barred pattern on the breast (Mullarney
et al. 1999). Neophobia could also have significantly
affected the titmice responses to this dummy. Another
possibility is that the orange colour was perceived as a
warning signal, which has been demonstrated in blue
and great tits in relation to their prey (Prokopova
et al. 2010; Tesatova et al. 2013; Vesely et al. 2013;
Cibulkova et al. 2014); nevertheless, warning signals
may also act in relation to avian predators (Gotmark

Ethology 122 (2016) 1-8 © 2016 Blackwell Verlag GmbH



P. Vesely, M. Bursikova & R. Fuchs

1994). This might explain why, in a study involving
great tits in laboratory conditions, the robin-coloured
sparrowhawk was considered to be a threat while the
pigeon-coloured sparrowhawk was not (Berankova
et al. 2015). The coloration of a pigeon was probably
recognized correctly and overwhelmed the presence
of raptor beak, eye and talons in the experiments of
Berankovd et al. (2015).

Avoidance of the sparrowhawk dummy with the
barred pattern on the underparts removed agrees
with the results of Davies & Welbergen (2008). They
showed that the presence of the barred belly pattern
significantly increases the peril represented by a
cuckoo or dove, but in case of the sparrowhawk,
both forms, with and without the barred belly, eli-
cited equal feeder avoidance in tits. This trait is obvi-
ously important but not essential for sparrowhawk
recognition.

To sum up, our results showed that the ability of
wild birds to recognize a predator is quite flexible.
There are traits within the coloration, which can be
important for the predator recognition; nevertheless,
these are not essential and birds may take also other
features into consideration. Recognition of two famil-
iar real predators like sparrowhawk and kestrel is
obviously enabled by details in the coloration (kestrel
lacking the barred belly pattern); nevertheless, when
faced to a novel predator (sparrowhawk without this
barred pattern), it is too risky to behave the same way
as when facing a harmless bird. Even when the col-
oration is completely changed, but provides some sus-
picious features (orange underparts), such a predator
is treated as a threat. Only when the coloration is
unfamiliar, such a predator is not recognized and trea-
ted as harmless.
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Abstract We compared the responses of the nesting red-
backed shrikes (Lanius collurio) to three dummies of a
common nest predator, the Eurasian jay (Garrulus
glandarius), each made from a different material (stuffed,
plush, and silicone). The shrikes performed defensive
behaviour including attacks on all three dummies. Never-
theless, the number of attacks significantly decreased from
the stuffed dummy through the plush dummy and finally to
the silicone dummy. Our results show that wild birds use
not only colours but also other surface features as impor-
tant cues for recognition and categorization of other bird
species. Moreover, the silicone dummy was attacked only
when presented after the stuffed or plush dummy. Thus, we
concluded that the shrikes recognized the jay only the
stuffed (with feathered surface) and plush (with hairy
surface) dummies during the first encounter. Recognition
of the silicon dummy (with glossy surface) was facilitated
by previous encounters with the more accurate model. This
process resembles the effect of perceptual priming, which
is widely described in the literature on humans.

Keywords Anti-predator behaviour - Artificial dummies -
Surface texture - Categorization - Recognition - Priming

M. Némec - M. Syrova (B<) - L. Dokoupilova - P. Vesely -
P. Smilauer - R. Fuchs

Faculty of Science, University of South Bohemia,

Ceské Budéjovice, Czech Republic

e-mail: syrova.michaela@seznam.cz

M. Syrova
Ethology Department, Institute of Animal Science, Prague,
Czech Republic

E. Landova - S. Liskova
Faculty of Sciences, Charles University, Prague, Czech Republic

Introduction

Animals perceive their surrounding and categorize objects
such as food, mates, and predators in order to respond
adaptively. Experimental studies investigating cognitive
processes like categorization (reviewed in Jitsumori and
Delius 2001) or concept formation (reviewed in Zentall
et al. 2008) have been conducted mainly in laboratory
conditions, using a limited array of tested species (among
birds, the pigeon has been used most often). The majority
of studies examining object categorization has been based
on discrimination learning using an operant conditioning
method and picture stimuli (Bovet and Vauclair 2000;
Friedman et al. 2003; Spetch and Friedman 2006).

To validate the universality of cognitive processes found
in laboratory conditions, it is necessary to present ecologi-
cally meaningful stimuli to wild animals and to focus the
research effort on the cognitive processes that occur in ani-
mals during ecologically relevant issues (Shettleworth 1993,
2010). Predators represent an example of such a type of
ecologically relevant stimuli (Tvardikova and Fuchs 2010,
2012). Some animals possess an innate ability (Lombardi
and Curio 1985) to avoid specific predators, while other
animals learn to avoid them (Kullberg and Lind 2002) during
their lives. The number of threatening predators a prey ani-
mal might meet is very large (Blumstein 2006) and includes
novel predators. To react adequately to all of them, prey
animals possess the ability to generalize predator recogni-
tion. This phenomenon has been described in species
belonging to various taxa from all vertebrate classes: mam-
mals (Griffin et al. 2001; Stankowich and Coss 2007), rep-
tiles (Webb et al. 2010), amphibians (Ferrari et al.2009), and
fishes (Ferrari et al. 2007; Brown et al. 2011).

Numerous studies have shown the ability of birds to
differentiate predators from harmless animals (see Caro
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2005, for review). However, recognition of predators dif-
fering in the level of danger they represent has been sub-
jected by behavioural studies less often (Patterson et al.
1980; Buitron 1983; Curio et al. 1983; Jacobsen and
Ugelvik 1992; Clemmons and Lambrechts 1992; Rytkonen
and Soppela 1995; Kleindorfer et al. 2005; Tvardikova and
Fuchs 2011; Strnad et al. 2012; Nemec and Fuchs 2014).
One way to study how animals form the ‘predator’ cate-
gory in the field, it is necessary to measure the level of
generalization between various modifications of the same
species of predator.

Most experimental studies examining anti-predator
behaviour of birds make use of stuffed dummies repre-
senting the tested predators (see Caro 2005, for review).
However, stuffed dummies are not easily adjustable for
cognitive experiments, which require colour, shape, and/or
surface modifications. Artificial models of avian predators,
which provide a broader array of modifiability, have been
used occasionally and in combination with stuffed dum-
mies; these have included rubber (Knight and Temple
1988), plastic (Arroyo et al. 2001), and wooden (Hartley
1950; Deppe et al. 2003) dummies. Some types of anti-
predator response, such as vigilance, freezing, escape
flight, alarm calls, or even attacks towards artificial dum-
mies, have emerged in all of these studies. Thus, it seems
that the use of artificial models on birds in anti-predator
experiments is a valid option.

Nevertheless, comparison of birds’ responses to stuffed
dummies and artificial models of the same predator in the
same experiment has not been done. It would be very
important to find the threshold of difference (the point at
which the artificial dummies start to differ from the original
model too much) at which the birds stop recognizing it as
the real model. Such a finding would be valuable for
refining the methodology for future experiments in the
field.

All the artificial models used in the aforementioned
studies had compact surfaces, markedly different from the
structure that is created by contour feathers on stuffed
dummies. Laboratory studies with trained pigeons have
shown that the presence of a geometric texture results in
very quick differentiation of objects from background,
which is enabled by grouping perceptually similar elements
within the object (Cook 1992a, b). Pigeons were also able
to utilize the texture for categorization of natural (Troje
et al. 1999; Nicholls et al. 2011) as well as artificial (Cook
1993; Cook et al. 1995, 1996, 1997; Katz and Cook 2000;
Kelly and Cook 2003; Young et al. 2001) objects occurring
in digital photographs. However, it is not evident whether
the surface texture is also important in the recognition of
ecologically relevant stimuli by wild birds. If the pre-
sumption of using the key features in conspecifics (red
feathers of a robin, Lack 1965), predator (short neck and
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long tail on a raptor silhouette, Kritzig 1940; Lorenz 1940
as cited by Tinbergen 1948), or prey (striped yellow and
black pattern, Dittrich et al. 1993) recognition is valid, the
effect of the surface texture should be lower.

We decided to test the importance of texture cues for
predator recognition by wild birds in field experiments.
We compared the responses of the breeding red-backed
shrike (Lanius collurio L., 1758) to three types of dummy
of the common European nest predator, the Eurasian jay
(Garrulus glandarius L., 1758). Shrikes are familiar with
the Eurasian jay as a nest predator, and they mob them
intensively if they appeared in the proximity of the nest
(Strnad et al. 2012; Nemec and Fuchs 2014). We used
stuffed, plush, and silicone dummies of the Eurasian jay,
which together represent a gradient of a decreasing level
of similarity with the living predator. All dummies shared
potential key features (strong bill and conspicuous col-
ouration—blue and black striped coverts, black mous-
tache, black and white secondaries, and blue eyes) of the
real jay; however, they had different surface textures. The
stuffed dummy was feathered, the plush dummy hairy,
and the silicone dummy glossy. We presumed that both
artificial dummies would be imperfect and that the sili-
cone dummy with its shiny surface would be much worse
mimic of the feathered dummy than the hairy plush
dummy.

Thus, we tested the hypotheses that the anti-predator
response would diminish from the stuffed dummy (real
plumage) through the plush dummy (hairy surface) to the
silicone dummy (glossy surface).

Methods
Study area

The study took place in the Doupov Mountains (50°10'N,
13°9’E), near the town of Karlovy Vary in the Czech
Republic. The experiments were conducted during the
breeding season (from June to late July) within the years
2008-2010.

Study species

The red-backed shrike, chosen as the model species, is a
medium-sized insectivorous songbird able to hunt small
mammals, other songbirds, and lizards (Tryjanowski et al.
2003). It possesses a strong bill enabling it to defend its
nest quite vigorously, including physical attacks (Strnad
et al. 2012). From 2008 through 2010, we examined 27
breeding pairs with nestlings aged between 3 and 12 days.
The Eurasian jay, chosen as a predator, is considered a
significant nest predator of the Czech populations of small
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passerines (Weidinger and Kocvara 2010). The majority of
shrikes nesting in our study area intensively attacked the
stuffed dummy of the jay if it was placed close to their
nests (Strnad et al. 2012; Nemec and Fuchs 2014).

Experimental design

We successively tested the responses of shrikes to three
different Eurasian jay dummy types. The stuffed one pos-
sessed a feathered surface, the plush one a hairy surface
(similar to birds’ feathers), and the silicone one a glossy
surface (Fig. 1). All dummies were new and used only in
this study. They were placed in an upright position, with
their wings folded, on a 1.5-m-high pole, 1 m away from
but facing the nest. The dummy was brought to the nest
covered by a cloth, so that birds present at the nest could
not see the connection of the human intruder and the
dummy. Birds flew away from the nest during the instal-
lation. The experimenter than removed the cloth and star-
ted recording the birds’ behaviour.

The three dummy types were presented to each tested
pair in a random sequence. Each trial (presentation of one
dummy) lasted 20 min, starting from the appearance of at
least one parent. If neither parent appeared within 20 min,
the trial was terminated and included in the dataset as a
zero response. We used this approach because shrikes tend
to visit the nest relatively rarely (the feeding frequency is
5-10 min) when foraging far from the nest, and they might
simply not be aware of the presence of the dummy.
However, we did not record any case when neither of the
parents appeared at the nest during the 20 min. The
experimenter interrupted the experiment after 20 min.
The time interval until the presentation of the next dummy
was 1 h.

Dummy reflectance measurement

We aimed to create dummies of the same colour as the
stuffed dummy in terms of colour. However, the paint used
in creating the artificial dummies differed from the pig-
ments (and structural colouration) of the stuffed dummy.
To be able to assess the effect of the surface texture on the
birds’ behaviour, we needed to compare it to the effect of
the colouration. To quantify colour differences, the
reflectance spectra of the three dummies were measured
using equipment that allowed us to measure the reflectance
in both the UV and visible wavelengths (spectrophotometer
USB 2000, Ocean Optics, Dunedin, Florida, USA). The
light source was emitted by a DT-Mini-GS device (Ocean
Optics), and the light was conducted by a QR400-7-UV/
VIS-BX optical cable (Ocean Optics). The measurements
were stored using OOIBase 32 software (Ocean Optics).

Fig. 1 Three dummy types of the Eurasian jay presented close to the
red-backed shrikes’ nests. a Stuffed dummy; b plush dummy;
¢ silicone dummy

There were two calibrations of the device: the first using
the white standard WS-2 (Ocean Optics) and the other
using a completely dark environment. Seven body parts of
each dummy were measured: white throat, black mous-
taches, brown side of the neck, grey back, black tail, white
belly, and blue coverts of the wing. Five measurements
were conducted for each body part, and the mean of these
measurements (which showed minimal variation) was used
in the subsequent evaluation of the colour’s reflectance.
The measured data ranged from 300 to 700 nm.
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Measuring the colour differences

To assess the differences between the particular colours
measured, the avian colour discrimination model (Voro-
byev and Osorio 1998) was used. This model calculates the
distance in avian colour space (AS), defined by the quan-
tum catches of each receptor type in the avian retina. We
used the pavo package (Maia et al. 2013) for software R
2.15.0 (© 2012 The R foundation for statistical computing)
to create a visual model (command vismodel). We used the
spectral sensitivity data from the blue tit (Cyanistes
caeruleus; Hart et al. 2000) and Vorobyev et al.’s (1998)
estimate of the Weber fraction for each cone type based on
an empirical estimate of behavioural data from the red-
billed leiothrix (Leiothrix lutea). The command coldist was
used to count the distances (AS) between all measured
body parts on all three dummies. Units of AS are jnd (just
noticeable differences), where 1.0 jnd is the threshold
value for discrimination of colours. In general, at 1.0 jnd,
two colours are barely distinguishable under ideal condi-
tions, and as the number of jnds increases, the two colours
become more easily discernible under worsening viewing
conditions (Siddiqi et al. 2004).

Statistical analysis of shrike behaviour

We recorded the attacks of the shrikes to the presented
dummies. An attack was counted when the shrike flew at
the dummy with a significant decrease in height above the
dummy (both with and without physical contact with the
dummy). This activity was used in subsequent analyses in
four ways. Firstly, we used the occurrence of any attack
during the 20 min, scored dichotomously for each trial (0/
1). Secondly, we used the number of attacks against the
dummy performed during the 20 min. This variable was
log-transformed [log (no. of attacks + 1)] in order to bring
its distribution closer to normal. Thirdly, we used the
latency to the first attack (in seconds). In this analysis, only
trials where at least one attack occurred were included.
This variable was log-transformed in order to bring its
distribution closer normal. Lastly, we calculated the rate of
attack as the quotient of the number of attacks and the time
from the first attack to the end of the trial. In this analysis,
only trials where at least one attack occurred were inclu-
ded. These data followed the normal distribution.

We used generalized linear mixed-effect models (GLME;
Pinheiro et al. 2012) to assess the effect of the following
categorical variables (fixed-effect factors): the type of the
dummy (with values ‘stuffed’, ‘plush’, and ‘silicone’); the
‘sequential position’ as the point in the sequence when the
dummy was presented (values ‘first’, ‘second’, and ‘third’),
the sex of the attacker (values ‘male’ and ‘female’); and the
age of the nestlings (with values ‘3—4 days’, ‘6-9 days’, and
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‘10-12 days’) on each dependent variable. Individual trials
were used as the unit of replication. There was a strong cor-
relation between the male and female within a pair (Pearson’s
correlation coefficients, occurrence of attack: r = 0.718,
t = 544,df = 52, P < 0.001; number of attacks: r = 0.678,
t = 6.64, df = 52, P <« 0.001; attack latency: r = 0.325,
t=3.89, df=52, P« 0.001; attack rate: r = 0.821,
t = 8.85,df = 52, P < 0.001). Thus, we decided to use pair
identity instead of individual identity as a random factor in all
statistical mixed-effects models to avoid pseudoreplication.
The same procedure was used by Tryjanowski and Gotawski
(2004) for analysis of similar data with the red-backed shrike.
Likelihood-ratio tests (based on the appropriate distribution
binomial or Gaussian, followed by X2 or F test, respectively)
were used to assess the effect of particular variables. The
Tukey’s HSD post hoc test (in case of normal data) or Fisher’s
LSD post hoc test (for binomial data) was used to evaluate the
differences between particular types of dummies or between
particular trials in sequence. The effects of sequence within
each dummy type (effect of the interaction dummy X
sequential position) were compared using a multiple com-
parison general linear hypothesis, with prespecified contrasts
(Hothorn et al. 2008). All statistical analyses were computed
inR 2.15.0 (R Development Core Team 2012).

Results
The occurrence of an attack

The occurrence of an attack was significantly influenced by
the dummy type (X2 = 1594, df = 2 and 126, P < 0.001;
Fig. 2), by the sequence of the dummy (X = 10.18, df = 2
and 126, P = 0.006, Fig. 2) and by the sex of the parent
(XZ =8.87, df =1 and 126, P = 0.003). The silicone
dummy was attacked by fewer birds than the stuffed
(Fisher’s LSD post hoc test, P < 0.001) or the plush dummy
(Fisher’s LSD post hoc test, P = 0.020). Dummies were
attacked by fewer birds in the first trial than in the second
(Fisher’s LSD post hoc test, P = 0.033) or than in the third
trial (Fisher’s LSD post hoc test, P = 0.007). More males
than females attacked the presented dummies at least once.

Number of attacks

The number of attacks was significantly influenced by the
dummy type (F = 20.14, df = 2 and 126, P < 0.001) and
the sex of the parent (F =943, df=1 and 126,
P < 0.001). The interaction of the type of the dummy and
the sequential position of the dummy bordered on signifi-
cance (F = 2.15,df = 6 and 126, P = 0.052). The number
of attacks decreased significantly from the stuffed, through
plush to silicon dummy (Tukey’s HSD post hoc test:
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Fig. 2 Numbers of birds performing attacks against particular
dummies, exposed in various order in the sequence

stuffed vs. plush: z = 2.99, P = 0.007; stuffed vs. silicone:
z=>5.57, P<0.001; plush vs. silicone: z = —2.77,
P = 0.015). Males performed more attacks than females.

When the silicone dummy was presented as the first one
in the sequence of dummies, it was attacked only by one
bird; however, whereas when the silicone dummy was
presented second or third in the sequence, the shrikes
attacked it significantly more often (Fig. 3; Table 1). There
were no significant effects of sequence within the stuffed
and plush dummies (Fig. 3; Table 1).

First attack latency

The latency to the first attack (trials with attack only) was
not affected by any of the tested variables.

o
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Fig. 3 Number of attacks performed by the red-backed shrikes
against particular dummies, exposed in various order in the sequence.
The thick line within each box-and-whisker drawing represents the
median; the vertical span of the box represents the range from the
lower to upper quartile; the range of whiskers represents the 5 and
95 % percentile; circles represent extremes

The attack rate

The rate of attacks was significantly affected only by the
sequential position of the dummy (F = 9.61, df = 2 and
126, P = 0.008). Dummies presented in the first trial were
attacked as a higher rate than dummies presented in the
second (Tukey’s HSD post hoc test: z = 2.73, P = 0.017)
as well as than in the third trial (Tukey’s HSD post hoc test:
z =277, P = 0.016).

Colour differences

We found significant differences among all three dummies
regarding the reflectance of particular parts of the body
(Table 2). However, the overall differences between the
stuffed and silicone dummies and between the stuffed and
plush dummies were slightly smaller than the difference
between the plush and silicone dummies. The biggest
individual differences were found for the blue coverts
(among all three dummies). Other body parts were (1)
significantly distinct in one dummy only (silicone throat or
plush tail) or (2) quite similar among all dummies (back,
neck, belly, moustaches). Only the colouration of the

Table 1 Results of multiple comparisons on the interaction terms for
dummy type and the order of its exposure, using linear contrasts

As first—as As first—as As second—as
second third third
Stuffed 1.03 (n.s.) 1.59 (n.s.) 0.55 (n.s.)
Plush —0.43 (n.s.) —1.06 (n.s.) —0.63 (n.s.)
Silicone —2.71 (0.054) —2.69 (0.057) 0.02 (n.s.)

The statistic is followed by a parenthesized estimate of type I error

Table 2 Distances (AS) between particular spots on each dummy
type based on the reflectance data in respect to the avian visual system

Body part Comparison

Stuffed— Stuffed— Plush—

plush silicone silicone
Back (grey) 2.74 1.32 2.81
Neck (rusty) 3.02 3.42 1.91
Throat (white) 1.03 7.58 8.43
Belly (white) 2.19 5.79 3.82
Coverts (blue) 8.96 11.09 8.10
Moustache (black) 1.16 1.65 2.68
Tail (black) 9.76 0.43 9.57
Sum 28.86 31.28 37.32

Presented units are dimensionless just noticeable differences. Values
lower than 1 should not be recognizable for birds under optimal light
conditions
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stuffed and silicone tail should not be recognizable by birds
according to statistical significance within the avian visual
model (see Table 2).

Considering the reflectance curves (Fig. 4), we may
conclude that out of all three dummies, the silicone dummy
reflects the complete visible light spectrum the most (i.e. is
perceived as the lightest), and the plush dummy the least
(i.e. is perceived as the darkest). Only the stuffed dummy
reflected the whole bird-visible spectrum, including a sig-
nificant portion of UVA radiation, within the belly and
throat bodily parts. This was not true for the silicone, or for
the plush dummy (i.e. these are perceived as darker than
the stuffed dummy by the birds). The peak reflectance of
the blue coverts on the stuffed dummy is also shifted into
the UV part of the spectrum (peaking at 370 nm). The
silicone blue does not reflect UVA radiation, and its
reflectance peak is about 470 nm (blue light). The plush
blue generally reflects only a little, but it does so in the
whole measured spectrum including the UV part. The blue
colour on the stuffed dummy is thus sensed as brighter than
the blue on the silicone dummy, and the blue on the plush
dummy has lower saturation and is perceived as rather
greyish or whitish.

Discussion

The red-backed shrikes attacked all three of the stuffed,
plush, and silicone dummies. Nevertheless, the silicone
dummy was attacked by fewer birds than the more accurate
(in terms of surface texture) plush and stuffed dummies
although all dummies were designed to share all potential
key features with the real predator. The number of birds
attacking the plush and stuffed dummies did not differ
significantly. On the other hand, the number of attacks
performed against particular dummies decreased from the
most accurate stuffed dummy through the plush dummy to
the least accurate silicone dummy. When attacking the
birds inspected the dummies from close proximity, we
suggest that they might notice the dissimilarity between the
stuffed and plush dummies and consequently stop attack-
ing. The latency to the first attack and the attack rate did
not differ between the presented dummies. This implies
that once the birds recognize the dummy as a predator, the
attack intensity remains the same, because the target is to
chase the predator away as fast as possible. A similar
defensive tactic was found in our previous study (Strnad
et al. 2012).

The dummies presented in our study did not differ only
in their surface texture. The results of the reflectance
comparisons from the avian point of view suggest that the
colouration may be the cue for recognition of particular
dummies by birds. All three dummies differed significantly
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in the most conspicuous trait within the jay colouration—
the blue coverts. Nevertheless, we did not find a closer
similarity between the plush and stuffed dummies than
between the silicone and stuffed dummies (as would be
expected based on the anti-predation behaviour intensity).
UV reflectance, which may be especially important, was
present only in the stuffed dummy. The brightness of the
stimulus has been shown to be one of the important cues
for stimulus recognition in pigeons (Young et al. 2001). If
we compare the colouration of other parts of the body
(especially the white throat and belly), their brightness
decreases from the silicone, through stuffed to the plush
dummy. It seems thus that the brightness of the colouration
corresponds with the surface texture and decreases from
the most compact to the most ragged texture.

In summary, we cannot exclude some effect of the
colour differences of the tested dummies on their recog-
nition; nevertheless, the differences in the surface texture
explain the variation in the bird anti-predatory behaviour
better than the colour differences do. Moreover, the surface
texture affects the reflectance, and thus, we cannot separate
the effect of these two factors.

Experiments with pigeons (Cook 1992a) have shown a
very high ability to learn to discriminate stimuli with
homogenous internal texture, because they have the
capacity for global perception of contrasting texture
regions. This enables rapid visual perception during flight
(Cook 1992b). Troje et al. (1999) showed that pigeons use
information contained in the texture rather than in the
shape for discrimination of sex in digital photographs of
human faces. In the experiments of Aust and Huber (2002,
2006, 2010), pigeons had problems with human recognition
in photographs depicting only silhouettes of humans. On
the other hand, the texture did not serve to pigeons as an
exclusive cue, but only as an alternative cue for discrimi-
nation of photographs of houses and cars (Nicholls et al.
2011). This might be because the shapes of houses and cars
are more different from each other than shapes of men’s
and women’s faces as studied in Troje et al. (1999). Our
experiments show that texture is an important cue for
recognition of ecologically relevant stimuli by wild birds.

At first sight, it may seem that the shrikes recognized a
jay in all of the dummies, though in the case of the silicone
dummy this was only true for a smaller portion of the tested
birds. However, this conclusion is not acceptable because
only one of the tested birds defended the nest in trials in
which the glossy silicone dummy was presented to the
shrikes first in the trial sequence. In all other trials, the
aggressive response towards the silicone dummy had to be
preceded by the presentation of a more accurate dummy
(stuffed or plush) in a previous trial. There was no similar
effect of the plush dummy when it was presented first in
trial sequence. We can exclude the potential simple effect
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of sensitization or habituation of the shrikes during trials,
because in a previous experiment shrikes did not attack a
harmless pigeon even when presented after various pre-
dators, including a jay (Strnad et al. 2012).

The necessity for a presentation of a more accurate
dummy (stuffed or plush) before the least accurate dummy
(silicone) to evoke recognition of the latter resembles the
process of perceptual priming (sometimes referred to as
sequential or repetition priming) described in the psycho-
logical literature on humans (for a review see Wasserman
and Zentall 2009). Perceptual priming is implicit (uncon-
scious) and occurs when a degraded or reduced set of cues is
readily identified after an exposure to a related object
(Tulving and Schacter 1990). In other words, once an object
has been seen and recognized, it is easier to recognize it
again (Basile and Hampton 2013). In a series of studies,
Blough (1989, 1991, 1992) investigated the presence of a
similar effect in pigeons showing that priming modifies the
mechanism of attention. However, only one paper has
described the presence of perceptual priming using a similar
method as in human studies (Brodbeck 1997), and Basile
and Hampton (2013) were not able to show this process in
macaque monkeys. No paper has previously described the
presence of perceptual priming in any field study.

A phenomenon similar to priming is studied within
behavioural ecology under the name of search image. A
search image involves the utilization of knowledge about
prey (how it looks, smells, etc.) for faster and more suc-
cessful searching even though the prey may be cryptic or
mimetic (for reviews, see Edmunds 1974; Dukas 1998;
Caro 2005). In an ecological concept, the search image is
usually reported in the context of a predator more readily
recognizing its prey, but the reverse case may be equally be
applicable; our shrikes’ recognition of the predator was
facilitated after seeing the dummy and thus forming its
image to search for.

However, priming and search image are probably not
identical processes. Priming should be a long-term effect
lasting for weeks or even years (Basile and Hampton 2013).
The search image, on the opposite, is momentary, persisting
only in the short term (Langley et al. 1996) and diminished
by divided attention (Dukas and Kamil 2001). In our
experiments, the effect of more accurate dummy presenta-
tion lasted at least for an hour. We may speculate that it is not
a very long-term effect because tested shrikes are familiar
with living jays and could therefore transfer this knowledge
to the silicone dummy as well (which did not happen).

However, faster location and identification of a predator
(a nest parasite, competitor, or even sexual mate), which
occurs in the surrounding and has already been observed,
may considerably increase the probability of successful
results in a repeated encounter. Our study shows that per-
ceptual priming may facilitate the categorization of
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ecologically relevant objects by wild nontrained birds in
the field.
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Abstract Amodal completion enables an animal to per-
ceive partly concealed objects as an entirety, and to interact
with them appropriately. Several studies, based upon either
operant conditioning or filial imprinting techniques, have
shown that various animals (both mammals and birds) can
perform amodal completion. Before this study, the use of
amodal completion by untrained animals in the recognition
of objects had not been considered. Using two feeders, we
observed in a field experiment the reaction of tits to the
torso of a sparrowhawk (partly occluded or an ‘amputated’
dummy) in two different treatments (sparrowhawk torso vs.
complete dummy pigeon; and torso vs. complete dummy
sparrowhawk). It is clear that the birds considered the two
torso variants as predators and kept away from both of them
when the second feeder offered a ‘pigeon’ instead. On the
other hand, when a ‘complete sparrowhawk’ was present on
the second feeder, the number of visits to the occluded
torso remained low; while the number of visits to the ampu-
tated one increased threefold. Birds risked perching near
what was clearly an amputated torso; while the fear of a
“hiding” (occluded) torso remained unchanged, when the
second feeder did not provide a safe alternative. Such dis-
crimination between torsos requires the ability for amodal
completion. Our results demonstrate that in their recogni-
tion process, the birds not only use simple sign stimuli, but
also complex cognitive functions.
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Amodal completion - Sign stimuli - Pair-wise experiments -
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Introduction

In the three-dimensional natural environment, objects fre-
quently occlude portions of themselves, as well as other
objects. Humans seem to have little difficulty recognizing a
person who is sitting in a car or standing behind a counter,
and casual observations suggest that animals can do the
same (Vallortigara 2006). For example, a chick can recog-
nize the mother hen even if it is partially hidden in the grass
(Vallortigara 2004).

This adaptive ability is the phenomenon called amodal
completion: the cognitive completion of an object that
remains partially hidden behind another (Kanizsa et al. 1993).
However, it is possible to recognize a partially occluded
object without perceiving it as complete (Lazareva et al.
2007). Several studies have shown that mammals (mice:
Kanizsa et al. 1993; rhesus macaques: Bakin et al. 2000;
Fujita 2001; baboons: Deruelle et al. 2000, Fagot et al. 2006;
squirrel monkeys: Nagasaka and Osada 2000; Japanese
macaques: Sugita 1999; and chimpanzees: Sato et al. 1997)
all can perform amodal completion.

Evidence for amodal completion has also been
obtained in some species of birds. Chicks clearly recog-
nized a triangle when faced with a partly occluded trian-
gle, but could not recognize an amputated one (Regolin
and Vallortigara 1995; Lea et al. 1996). This confirmed
that chicks perceive object uniformity soon after hatching.
Similarly, adult hens had the ability for recognition of
overlapping squares and circles (Forkman 1998) or chro-
matically homogenous overlapping figures (Vallortigara
and Tommasi 2001).
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The evidence surrounding amodal completion in pigeons
(the most studied species) is equivocal. Some findings seem
to indicate that pigeons can compensate for an incomplete
image (Watanabe 1999; Aust and Huber 2006). However,
there are many other experiments suggesting that they are
not able to perceive the unity and coherence of partly
occluded objects. Watanabe and Furuya (1997) concluded
that birds did not see the hidden figure in a video image.
This finding was supported by the work of Fujita (2001)
and Sekuler etal. (1996). By contrast, Lazareva et al.
(2007) and DiPietro et al. (2002) suggest that pigeons can
recognize partially occluded objects without amodal com-
pletion if they are given sufficient training.

Inappropriate stimuli may cause those biases. More eco-
logically valid objects and setting might better trigger the
bird’s ability to perceptual complete occluded items, as
shows the work on courtship displays of Bengalese finches
(Okanoya and Takahashi 2000). Most prior studies dealing
with amodal completion in animals have been based upon
operant techniques (Vallortigara 2006). The animals were
trained to respond to a complete object (typically a geomet-
ric shape) (Vallortigara 2006), and then were tested as to
whether they recognized the object in its amputated and
occluded versions (Fig. 1). If the animal’s responses sug-
gested that only partially occluded objects looked to them
like a complete object, it was considered that they were aware
of the continuance of the object behind the obstruction.

Prior to this study, the possible use of amodal comple-
tion by untrained animals in their recognition of natural
objects (e.g. animals) had been studied only exceptionally
(Okanoya and Takahashi 2000). We designed an experi-
ment in which an unambiguous recognition reaction of the
experimental animals could be measured. The recognition
of predators was one possibility. The ability of birds to rec-
ognize and discriminate predator dummies has been shown
in many studies (for review, see Caro 2005); therefore these
stimuli could be used for the amodal completion research.
Experiments at a feeder have proven to be an effective tool
to test a bird’s ability in the discrimination of predator dum-
mies in the field (Gentle and Gosler 2001; Desrochers et al.
2002; MacLeod et al. 2005). If a predator is recognized in
the surroundings adjacent to the feeder, birds do not come
near and prefer to stay within the cover provided in the
environs without food intake. The more dangerous the
predator, the stronger is this response.

In this paper, we report on the ability of tits (Paridae) for
the visual completion of the upper half of an avian predator
(Accipiter nisus). We observed the numbers of arrivals to a
pair of feeders. On one of the pair, either an occluded or
amputated sparrowhawk dummy was installed; the other
paired experimental feeder was provided with either a
dummy of a sparrowhawk or a harmless pigeon.

We set out to test two hypotheses: (1) If the number of
arrivals between the amputated or occluded sparrowhawk

Fig. 1 a Complete, amputated, and occluded pigeon (according to Aust and Huber 2006). b Dummies used in this experiment: complete, ampu-

tated, and occluded sparrowhawk
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would likely differ, when a pigeon was presented on the
alternate feeder. Ethologists have long assumed that sign
stimuli, alone, functioned for the recognition of both preda-
tors and sexual partners (e.g. Tinbergen 1951; Chantrey and
Workman 1984; Carbaugh et al. 1962; Schein and Hale
1957; Shoettle and Schein 1959). Therefore, we assumed
that the birds would recognize a sparrowhawk with both
torso alternatives (occluded and amputated); yet give prior-
ity to the perceived safer alternate feeder. (2) If the number
of arrivals to an amputated sparrowhawk would be higher
than to an occluded sparrowhawk, when a complete spar-
rowhawk was present on the alternate feeder. We assumed
that the birds attempt and prefer to avoid any alternative
feeder that is perceived as dangerous. Nevertheless, they
will risk arrivals near an amputated (incomplete) sparrow-
hawk on the experimental feeder, in preference to one with
an occluded sparrowhawk (thus perceived as continuing
behind the obstruction, and perceived as being as/almost as
dangerous as a complete sparrowhawk).

Methods
Experimental site and species

The experiment was done during the winter of 2007/2008
in an area of broad-leaved trees growing near the village of
Chodskd Lhota (49°21'15", 30°47'25"), Czech Republic.
The site is 640 m above sea level and is located in a com-
paratively cold portion of Bohemia. The winter of 2007/
2008 was quite a severe one. We studied three species of
tits that predominated on the feeders: the great tit (Parus
major), the blue tit (Cyanistes caeruleus), and the “marsh”
tit. The “marsh” tits were represented by two species: the
marsh tit (Poecile palustris) and the willow tit (Poecile
montanus). As these two species are indistinguishable on
videotape, they were lumped together as one species.

Experimental design

The feeders were established in a small clearing, sur-
rounded by mixed deciduous woodland and scrubland. The
shortest distance from feeder to cover was ca. 4 m. The two
feeders were 25 m apart, and the space between the feeders
was free of trees. The feeders were surrounded by shrubs
and trees on three sides. These served as both a shelter and
surveillance position for the birds. The feeders were boards
(45 cm by 45 cm) lying upon the ground, with raised edges
to avoid food scattering. Between the experiments, the
feeders were covered with a roof. Sunflower seeds were
used as the food. To attract the birds, before the first experi-
mental series the feeders were filled with sunflower seeds

for 4 weeks. Any remaining sunflower seeds were atten-
tively removed and replaced with grated walnuts just before
the trials. The grated walnuts were used because they
required the birds to remain longer at the feeder (Desro-
chers et al. 2002). As the tits were not able to carry the
grated walnuts away to consume them in the surrounding
cover, they had to stay on the feeder longer in order to
obtain a sufficient food intake.

Stuffed models were used as both the test sparrowhawk
and pigeon. They were placed on a 75-cm-high stake on the
outer right corner of the feeder (as seen from the camera),
and always faced toward the center of the feeder. Through-
out the paper, we have used the terms occluded (for the
upper torso hidden in the shrubs) and amputated (for only
the upper torso on the perch) sparrowhawks. Either an
amputated or occluded sparrowhawk model was tested on
the experimental feeder, juxtaposed to a complete pigeon or
a sparrowhawk on the alternate feeder. Two empty feeders
were used in the last tested trial (as a reference control) and
it always preceded two experimental trials. This amounted
to four different trials in one series: two experimental
(amputated/occluded sparrowhawk vs. sparrowhawk,
amputated/occluded sparrowhawk vs. pigeon) and two ref-
erence controls. The reference control trials had fixed posi-
tions within the series (the 1st and 4th trials). The sequence
of the dummy pairs (experimental trials) within each series
was randomly arranged. Additionally, the placement of a
dummy (on the left or the right feeder) was randomly
arranged within a trial.

Each experimental day started 1 h after daybreak. Indi-
vidual trials lasted 30 min, and the experimental feeders
were videotaped continuously throughout the duration of
the experiments. The camera was set up in a fixed position,
facing the experimental feeder, at a distance of 8 m. Snow
cover and temperature were noted for each experimental
day. Between each series, there was usually a 6 or 7 days
pause. Thirteen series were conducted during the winter of
2007/2008, amounting to a total of 78 half-hours of trials,
from which a total of 14,672 tit visits were analyzed.

In this study, the birds additionally were trapped using
mist-nests, in order to reveal the rate of pseudo replications.
The experiment was designed so that the trapping level was
constant (about 50 birds were ringed per day) throughout
the study. Mist-nets were used 1 day before each series. A
total of 568 birds were ringed during the winter. Each
trapped individual bird was fitted with a standard metal leg-
ring with a unique number. Additionally, an individual
combination of color-rings was then fitted under license
(Czech Bird Ring Association, #1062). Each bird was thus
uniquely identifiable on the videotape.

Statistical calculations showed that of those birds which
were ringed during individual mist-nettings (approximately
50 birds) 51.23 £ 2.55% (X = SD) returned to the feeder
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1 day after ringing. Only 37.33 &+ 2.09% (X + SD) of these
stayed onto be in the next experiment (8 days later), and
18.51 £5.2% (X + SD) stayed through the third experi-
ment (15 days later). Less than 1.61 + 0.7% (X & SD) of
the ringed birds appeared 4 weeks later. The average indi-
vidual bird usually visited the feeder in 1.26 0.51
(X £ SD) trials (3 trials, at most) during one series. Once a
bird appearing for the first time in the trial, on average they
arrived at the feeder 1.93 4 1.08 (X 4= SD) times.

Statistical analysis

During the trials, the numbers of individual visits of tit spe-
cies to the experimental feeders with the sparrowhawk tor-
sos were analyzed. To remove the effects of a fluctuating
pool of tits in the study area during the winter, we calcu-
lated the relative number of visits (the number of visits at
the experimental feeder; the mean number of visits at one
control feeder). The arithmetic means of the visits at both
control feeders were used, because the number of arrivals to
left and right feeders did not differ (One-way Anova:
Fy1,=0.14, P =0.713).

The following explanatory variables were used: dummy
combination (amputated sparrowhawk vs. complete pigeon,
occluded sparrowhawk vs. pigeon, amputated sparrowhawk
vs. complete sparrowhawk, and occluded sparrowhawk vs.
complete sparrowhawk); the sequence of the series (1-13);
tit species (only interactions between dummy and species
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were important); temperature (°C); and snow cover (cm).
GLMM was constructed; the data had a normal distribu-
tion, and the link function identity was used. The Tukey
post hoc test in R (Hothorn et al. 2008) was performed in
multcomp package of R software (R Development Core
Team 2008), for the variable dummy combination.

Non parametric tests (Wilcoxon) were used when the
data did not reach normality, and when appropriate. These
statistical calculations (and all graphs) were made using
STATISTICA 8 for Windows (Statsoft Inc. 2007).

Results

Both sparrowhawk torso variants decreased the number of
visits, when compared to the pigeon being present on the
alternate feeder. (Wilcoxon test, relative number of visits;
occluded: T=75, N=36, P<0.001, amputated: 7= 107,
N =36, P=0.001, Fig. 2a). On the other hand, both spar-
rowhawk torso variants had less of an effect on the number
of visits than did a complete sparrowhawk presented on the
alternate feeder (Wilcoxon test, relative number of visits;
occluded: T=4, N=36, P<0.001, amputated: T=0,
N =36, P <0.001, Fig. 2b).

The combination of which dummies were presented on
the two feeders significantly affected the relative number of
arrivals to the feeder. No significant effects were found for
snow layer, temperature, series sequence, or the interaction
between dummy and the tit species (Table 1).
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Table 1 Effects of the dummies, weather, and experimental design on
the relative changes in the number of visits to a feeder

Df F P
Dummy comb. 1 13.18 <0.001
Temperature 1 2.42 0.102
Snow layer 1 0.95 0.332
Series 1 0.09 0.758
Dummy: species 2 0.37 0.693

Error Df =135

The results of GLM show Df, F and P values for each predictor and
some interactions (see “Methods”)

The Tukey post hoc test shows that the difference
between the two torsos was only significant in those treat-
ments when a complete sparrowhawk was on the alternate
feeder (sparrowhawk as alternate dummy: P <0.001;
pigeon as alternate dummy: P = (0.849). The relative num-
ber of visits to the occluded torso did not differ between
treatments with a sparrowhawk, and a pigeon as the alter-
nate dummy (P = 0.850); whereas the relative number of
visits to the amputated torso was higher in those treatments
with a sparrowhawk vs. one with a pigeon (P < 0.001) on
the alternate feeder (Fig. 3).

Discussion

The tits recognized both of the sparrowhawk torsos (ampu-
tated, as well as occluded), as the decrease in the number of
visits did not differ for either of the torso treatments
with a pigeon on the alternate feeder. This could well be

Fig. 3 Relative change in the
number of visits (compared to

interpreted as the tits not using amodal completion, but that
instead they recognize a predator according to sign stimuli
(i.e. on the head region it could be eyebrow stripe, hooked
bill, and yellow eye), and thus keep away. However, in
those treatments with a complete sparrowhawk on the alter-
nate feeder, the relative numbers of visits to an amputated
sparrowhawk increased intensively; up to nearly 100% of
the reference controls in some trials.

This should be interpreted as the tits recognizing a pred-
ator in both torso variants; however, only the occluded one
is perceived as “fully-featured”. On the other hand, the
amputated torso is perceived as “partly-featured”. The birds
keep away from both torsos when a safe choice (pigeon) at
the alternate feeder exists. Nonetheless, when the alternate
feeder offers only a dangerous complete sparrowhawk, they
risked visiting the “partly-featured” amputated torso; while
the fear of a “full-featured” occluded one remained
unchanged. This kind of discrimination requires the ability
for amodal completion. The birds seem to be sentient that
the occluded sparrowhawk continues behind the branches,
while an amputated sparrowhawk is clearly recognized as
being incomplete.

The interesting result of our study was that the birds
arrived near the occluded sparrowhawk dummy more often
than to the complete sparrowhawk dummy. There may be
some birds that do not recognize an occluded torso as a preda-
tor. This could be due to either limited experience (e.g. of
young birds) or a lack of attentiveness. Sometimes when a
bird landed at the feeder and was pecking at the food, it sud-
denly looked as if horrified and emitted an alarm call, as
though it had seen the predator too late. A possible alternative
explanation could be that a bird is more likely to approach a
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predator which has some occluding obstacle in front of it,
in preference to a predator which has no obstacle blocking
it, which could attack straight toward the potential prey.

Study of the occlusion phenomena has been extended from
infants onto nonhuman species, and has become a popular
topic in the last few decades. All of these groups of animals
were trained to discriminate between various occluded and
amputated objects (see reviews Vallortigara 2006 and
Vallortigara 2006). Only occasionally, courtship behaviour
to amputated or occluded con-specific female was studied
(e.g. Okanoya and Takahashi 2000). The results of our study
demonstrate, for the first time, that amodal completion is used
as a part of object recognition in the natural discrimination and
categorization processes of birds.

In particular, several comparative studies, using operant
techniques, on amodal completion with birds have yielded
inconsistent results. These operant technique studies have
shown that domestic fowl can perceive amodal completion
(Regolin and Vallortigara 1995; Lea et al. 1996; Forkman
1998; Forkman and Vallortigara 1999; Vallortigara and
Tommasi 2001; Regolin et al. 2004). Conversely, other
studies have not yielded any clear evidence that the pigeons
can perceive amodal completion to distinguish between
occluded and amputated objects (Cerella 1980; Fujita 2001;
Sekuler et al. 1996; Ushitani and Fujita 2005; Aust and
Huber 2006). In spite of this, previous results have been
dismissed by the mounting evidence that pigeons can per-
ceive partly occluded objects as complete, under the appro-
priate testing conditions (Nagasaka et al. 2005; Nagasaka
etal. 2007), especially if the stimuli looks more natural
(DiPietro et al. 2002; Nagasaka and Wasserman 2008).
Generally, pigeons appear to be able respond to amodal
completion or to subjective contours (closely linked to
amodal completion) but only if they are strongly encour-
aged to do it so (Vallortigara 2006).

The results of our study show that field experiments, in
which the predicted reactions (e.g. escape) of birds to real
objects (e.g. predators) can be used as a suitable alternative
for conditioning techniques. At the same time, our results
show that discrimination and categorization in nature are
not a simple process, and that amodal completion is only a
part of that process. Birds recognize predators according to
sign stimuli. Therefore, both occluded and amputated tor-
sos of a predator are judged as dangerous; and incomplete-
ness (with concomitant lesser danger sensed) of an
amputated torso only appears in the situation where it is
compared with a complete predator by the bird. Such com-
plexity in the recognition processes should be taken into
account even in conditioning experiments.
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