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1. Literarni reSerse

1.1 Antipredacni chovani

Protoze vétSina zivocichl je lovena néjakym predatorem, antipredacni chovani je nesmirné dulezitou
soucasti jejich zivota (Curio 1993). Spravné provadéné antipredacni chovani vyznamné zvysuje fitness
kazdého druhu. Nicméné Casto se jedna o evolucni interakci mezi kofisti a predatorem, kterd ma formu
tzv. zavodu ve zbrojeni (arms racings — Dawkins & Krebs 1979), kdy predator reaguje na obranu kofisti,
a ta musi nasledné upravit svou obranu. Z toho divodu je antipredacni chovani ¢asto velice komplexni
a slozité. Antipredacni strategie Zivoc¢ichli ma mnoho urovni, od snahy nebyt spatfen, pies Unikové

strategie az po feSeni situace, kdy je kofist predatorem napadena (Caro 2005).

1.1.1 Krypse

Jiz dlouho je zndmo, Ze celkova barva a vzory na zvifatech ¢asto napodobuji prostfedi, v némz ziji, a tim
snizuji svoji napadnost. Tato antipreda¢ni strategie je nazyvana krypse, ¢i kryptické zbarveni (Poulton
1890). Typické je, ze kofist, ktera nechce byt predatorem spatiena, je zbarvena v odstinech zelené, hnédé
a Sedé, které odpovidaji vétsiné pfirozenych prostiedi (Cott 1940). Zarovei jsou barvy ¢asto kombinovany
do vzoru, které znesnadniuji urceni obryst téla kofisti — tzv. disruptivni zbarveni (Cuthill et al. 2005;
Stevens & Merilaita 2009). | v ptipad¢, ze barevny vzor zjevné nenapodobuje prostiedi, mize V jisté situaci
znesnadnovat rozpoznani jeho nositele. Naptiklad bilé a cerné pruhy, které zblizka plsobi velmi vyrazneg,
pti pohledu z vétsi dalky rozbiji siluetu zvifete, jak ukazali Gotmark & Hohlfdlt (1995) na lejskovi
¢ernohlavém (Ficedula hypoleuca) a pénkavé obecné (Fringilla coelebs). Nesmime zapomenout, Ze barva
a vzory na povrchu zvifete neslouzi jen ke skryti pfed predatorem, musi zastavat jesté funkci termoregulace
(Lewis 1949) a maji i roli ve vnitrodruhové komunikaci (Thresher 1977). Nekteti autofi se nicméné

domnivali, Ze hlavnim G¢elem zbarveni zvitat je nenapadnost pied predatory (Thayer 1918). Riizné aspekty

kryptického zbarveni zvitat detailné popisuje John A. Endler (1978).

1.1.2 Vigilance

Pokud potencialni kofist spatii predatora z vétsi vzdalenosti, ma Sanci se mu klidit z cesty, pfipadné
upozornit ostatni jedince na jeho pritomnost. Pojem vigilance ¢asto odkazuje na Casté zvedani hlavy
a patrani po predatorech béhem jiné ¢innosti (Casto béhem hledani potravy) (Caro 2005). Tato aktivita v§ak
snizuje ¢as, ktery je mozny vénovat hledani potravy, a proto je vyhodné sdruzovat se do vétsich skupin,
kde vic o¢i vic vidi, a proto jedinec nemusi davat tolik pozor (Cresswell 1994; Roberts 1996). Nékteré
druhy dokonce maji specialné stanovené role hlidaca, ktefi vétSinu svého Casu vénuji ochrané skupiny,
napt. surikaty (Suricata suricatta) (Santema & Clutton-Brock 2013). Na druhou stranu se ale také muze

stat, ze vSichni ¢lenové skupiny spoléhaji na ty ostatni, a nakonec nikdo nehlida (Caro 2005).



1.1.3 Unikové chovani

Poté, co je korist odhalena a predator utoci, je nejcastéjsi reakci kofisti tinik, kde jde ¢ist€ o fyzickou
zdatnost kofisti a predatora, jejichz podil rozhoduje o uspéchu utoku (Caro 2005). Existuji vSak i ptipady,
kdy se kofist pti utoku predatora chova podivné. Jednim piikladem muiize byt napadné poskakovani pti
uprku, které predvadi mnozi kopytnici. Bylo navrzeno nékolik vysvétleni tohoto chovéani. Vesmeés
se predpoklada, ze kotist dava predatorovi (nebo ¢lentim hejna) najevo, Ze je v dobré kondici (Matson et al.
2005). Dalsi zajimavé formy tniku predatorovi zahrnuji pfedstirani zranéni (napt. u bahniaku — Wijesinghe
& Dayawansa 1998), thanatoza, tedy predstirani umrti (Humphreys & Ruxton 2018) nebo autotomie, tedy
odhozeni postradatelnych ¢asti téla (Higham et al. 2013).

1.1.4 Mobbing

V ptipadé, ze je unik ptred predatorem nemozny nebo neefektivni muze pfijit na fadu mobbing, tedy
obtéZovani predatora. Mobbing oznacuje situaci, kdy se potencidlni kofist shlukuje kolem predatora,
vydava varovné zvuky, a dokonce obtéZzuje predatora a uto¢i na néj (Caro 2005). Nejéastéji mobbuje
skupina jedincti, ale maze to zkusit i osamoceny jedinec v pfipadé, ze predator ohrozuje hnizdo a zZadna
pomoc neni na blizku. Casto vidime mobbujici skupinu sloZenou z vice druhti (Pavey & Smyth 1998), také

smysl varovného volani je jasny i dal§im druhtim a mohou se pfidat k mobbingu, nebo zmizet pry¢ (Hurd
1996).

Pokud hovotime o aktivnim mobbingu, pti kterém potencialni kofist provadi nalety na predatora
asnazi se ho zasahnou zobakem nebo drapy do zadni ¢asti hlavy (Mo et al. 2016), jedna se o velmi
energeticky naro¢nou a nebezpecnou aktivitu. Z toho divodu je velmi duleZité pfesné rozpoznani predatora

a spravné odhadnuti moznych rizik (Altmann 1956).

Velmi intenzivni mobbing provozuji ptaci v pfipadé obrany hnizda, které je samo o sobé

bezbranné a mize spoléhat jen na svou krypsi (Simmons 1955).

Piestoze mobbing vypada jako altruisticky akt, nemlze byt recipro¢nim altruismem, pfestoze
se mobbujici jedinec vystavuje nebezpeci a ostatni z jeho konani profituji, cela situace v pfitomnosti
predatora je natolik neptehledna, ze altruisticky akt nemtize byt smérovan na konkrétniho jedince, a tudiz

neexistuje Zadna ochrana proti podvodu a zneuzivani (Curio 1978).
Byla navrZena fada hypotéz pro vysvétleni funkce mobbingu.

1. Silencing offspring: Vystrazny kiik rodi¢ ma uti$it mlad’ata na hnizdech, ktera jinak svou vokalni
aktivitou upozornuji predatora na umisténi hnizda. Perrins (1965) ukazal, ze hnizda sykory

konadry (Parus major) s hlasitéj$imi mlad’aty byla preferovana predatory (lasici hranostajem,



Mustela erminea; veverkou popelavou, Sciurus carolinensis a strakapoudem velkym,

Dendrocopos major).

Selfish herd effect: Pfipojenim se ke skupiné mobbujicich zvitat, jedinec chrani sam sebe, protoze

je Sance, ze si predator vybere nékoho jiného z hejna (Hamilton 1971).

Confusion effect: Mobbujici hejno se nepfedvidatelné pohybuje kolem predatora a mnoho jeho
¢lent vokalizuje, coz znesnadiuje predatorovi zaméfeni se na konkrétniho jedince (Owens

& Goss-Custard 1976, Hoogland & Sherman 1976).

The ,,Move on Hypothesis*: Casté obté&Zovani predatora v uréité lokalité ho maze odradit
od budoucich loveckych pokust na témze misté (Andersson 1976). Curio (1978) ptedpoklada,

Ze stali jedinci budou vice mobbovat, aby zmensili $anci, Ze se predator vrati.

Perception advertisement: Aktivity mobbujicich jedinct oznamuji predatorovi, ze byl odhalen,
pfisel o moment pickvapeni a jeho ptipadny utok ma malou Sanci na uspéch (Smythe 1977;
Shalter 1978). Tato hypotéza je podobna té piedchozi, v obou piipadech odchazi predator bez
kofisti a pti§té muze zkouset $tésti na jiném misté (Curio 1978).

Alerting others: Mobbingové signaly informuji ostatni, idealné ptibuzné, jedince a daji jim Sanci
uniknout do bezpeci. To by znamenalo, ze se mobbing kona hlavné v pfitomnosti piibuznych

jedinct. PrestoZe se nejéastéji vyskytuje v hnizdni sezoné (Curio 1975), zcela bézné k mobbingu

dochazi po cely rok.

Attract the mightier: Kofist mobbuje predatora, aby pfilakala vétsiho predatora, ktery by mohl
slabsiho predatora ulovit. Podle teorie ,nepfitel mého nepfitele je mdj pritel“. Ptimé dukazy
funk¢nosti této teorie zatim chybi. Vrcholovi predatoii by méli byt mobbovani méné, coz v mnoha
ptipadech neni pravda (Curio 1978). Jednou z mala praci, jez ukazuje, ze silny predator neni tolik
napadan, je pravé tato bakalaiska prace. Tato interpretace mize byt zavadéjici, protoze jestiab

lesni, Accipiter gentilis (v roli silného predatora) je stale siln€ mobbovan, jen jinym zptisobem.

Cultural transmission hypothesis: Jedinec se nauci bat se predatora, kdyz vidi, Ze ho ostatni ptaci
obtézuji. Tomuto predatorovi se pozdéji vyhyba, pripadné ho sam mobbuje (Marler 1956; Galef
1976).

Cultural transmission leading to site avoidance: Mobbovanim stalého predatora se ptaci uci
vyhybat se mistu, kde se vyskytuje. Tato hypotéza je v kontrastu s ,,Move on hypothesis* (4), kde

by se naopak mobbujici jedinec mél citit bezpe¢néji na misté, odkud predatora jiz vyhnal.



Mnohokrat bylo potvrzeno, ze se ptaci slétaji na misto, odkud slysi uzkostlivé volani loveného

ptaka a zaénou mobbovat predatora (Stefanski & Falls 1972a,b).

10. Aiding a distressed relative: Ptak za¢ne mobbovat predatora, ktery chytil jeho pfibuzného (ktery
zatim zije). Je Sance, Ze predator obrati svou pozornost na druhého jedince a prvni dostane Sanci

uniknout (Cade 1967).

Intenzita mobbingu se zvySuje se vzristajicim vékem mlad’at, a tedy se vristajici investici rodi¢t
(Kruuk 1964; Becker 1984). Na druhou stranu Knight & Temple (1986) nesouhlasi s touto hypotézou
a ukazali, Ze divodem zvySovani intenzity mobbingu v pfedchozich studiich je opakované navstévovani
hnizd vyzkumniky, pfi kterém jeho obranci ztrati respekt z predkladané atrapy a budou ji mobbovat s vyssi
intenzitou. AvsSak prace Rytkonena et al. (1990) ptimo testovala vliv opakované prezentace atrapy
U jednoho hnizda a jejich vysledky naznacuji, Ze opakovana navstéva hnizda nema signifikantni vliv

na intenzitu mobbingu, zatimco staii mlad’at ano.

Ptaci také tesi dilema, jestli budou branit své potomky, nebo je radsi obétuji, zachrani sebe a budou
spoléhat na budouci pfilezitosti k rozmnoZeni. Shields (1984) ukazal, Ze mobbujici hejno vlastovek
obecnych (Hirundo rustica) se déli na dvé skupiny. Prvni skupina aktivné atocicich ptakd, ktefi provadi
nalety na predatora a celkové se vyskytuji v jeho blizkosti, se sklada z rozmnozujicich se jedinct, ktefi
maji mlad’ata v hnizdech opodal a bojuji o jejich zachranu. Do druhé skupiny patii ptaci, ktefi jen krouzi
ve vétsi vySce nad predatorem. Tato druha skupina ptakt se sklada z mladych a nerozmnozujicich se ptakd,

kteti si predatora prohliZeji a sbiraji zkuSenosti pro nasledujici sezony.

Podoba antipredacniho chovani zavisi i na zkusenostech a dovednostech potencialni kotisti. Mladi
ptaci zaujimaji pasivnéj$i postoj, protoze nemaji zkusenosti s konkrétnim predatorem a také maji veskery

svlj rozmnozovaci potencial pred sebou. Lze tedy predpokladat, Ze budou méné riskovat (Shields 1984).

Roell & Bossema (1982) ukazali, Ze reakce ruznych druhti krkaveovitych na vranu ¢ernou (Corvus
corone) se lisi i podle zpusobu konstrukce hnizd. Straky obecné (Pica pica) utocily na vranu nejcastéji,
solitérni straci hnizda jsou vyhledavanym cilem vrany, proto straci par spoléha na intenzivni atok. Havrani
polni (Corvus frugilegus) krouzili nad vranou a hlasité¢ vokalizovali. Jejich hnizdni kolonie spoléhaji
na skupinovou obranu hnizd. Kavky (Corvus monedula) sedély opodal a jen vzacné varovaly. Jejich hnizda

ukrytd v dutinach nejsou vranou ohrozovana vibec (Roell & Bossema 1982).

1.2 Rozpoznavani predatori
Pfesné a rychlé rozpoznani predatora je nutné ke zvoleni spravné antipredacni strategie, ktera dava koftisti
Sanci prezit (Curio 2012). Nékdy cela fada predator piedstavuje podobné nebezpeéi a neni tedy nutné

mezi nimi ptili§ rozliSovat (Kullberg & Lind 2002). Naptiklad velikost ust a vzdalenost o¢i od sebe jsou
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dostatecné znaky pro rozpoznani rybiho predatora u ryb (Karplus & Algom 1981, Karplus et al. 1982).
Nicméné, pokud jednotlivi predatoti predstavuji riizné€ velkou hrozbu, je zapotiebi je piesnéji rozpoznavat

(McLean & Rhodes 1991).

K rozpoznani predatora zivocichové vyuzivaji celou fadu znaki. Jelikoz fada predatort patii spolu
do stejné taxonomické skupiny (e. g. Accipitridae, Strigidae, Falconidae), ¢asto maji mnoho znakd, jako
naptiklad pataty, zahnuty zobak a vyrazné oci, spolecnych. Vyuzivani téchto ,.klicovych znak* (sensu
Lorenz 1939) pii rozpoznavani predatori u ptaku bylo nékolikrat potvrzeno. Naptiklad Curio (1975)
predkladal lejskiim rizné modifikované atrapy dravych ptaka a prokdzal mimo jiné vyznam polohy oka
pro Gspésné rozpoznani tuhyka obecného (Lanius collurio) a kuliska perlového (Glaucidium perlatum)
(Curio 1975). Podobné Scaife (1976) testoval reakci kufat kura domaciho (Gallus gallus f. domestica
plemeno Leghorn) na atrapu postolky obecné (Falco tinnunculus) s neupravenym a se zakrytym okem
aatrapu kiviho hnédého (Apteryx mantelli) se zvyraznénym a S neupravenym okem. Reakci vyrazné
ovlivnilo prave oko atrapy. Kufata se ptestala bat postolky se zakrytym okem, a naopak se zacala bat kiviho

se zvyraznénym okem.

V komplexné&jsi studii Berankova et al. (2014) testovali samostatny efekt zobaku a o¢i v kontextu
zbytku téla. Pfedkladali atrapy krahujce obecného (Accipiter nisus) a holuba domaciho (Columba livia f.
domestica) s vyménitelnym zobakem a o€ima sykoram konadram Vv kleci. Vyména o¢i snizila strach
z krahujce, avSak nezpusobila strach z holuba. Naopak vyména zobaku ani nesnizila strach z krahujce
(Berankova et al. 2014). Autofi usuzuji, Ze napadné oko ma zasadni vyznam v rozpoznavani dravych
ptaku.

Pfi rozpoznavani predator( se ptaci nespoléhaji jen na klicové znaky predatort, ale i na jejich
zbarveni. Napiiklad tuhyci obecni jsou schopni odlisit postolku obecnou od krahujce obecného
(Strnad et al. 2012). Tyto dva druhy jsou stejné velké a maji podobnou stavbu téla, zaroven oba maji
vyrazny zahnuty zobak, pataty a vyrazné oko. Je tedy pravdépodobné, ze tuhyci je rozliSuji na zakladé
zbarveni opeteni (a mozna i duhovky). Velky vyznam zbarveni byl prokazan ve studiich ukazujicich, jak
kukacky napodobuji dravé ptaky, napiiklad kukacky rodu Hierococcyx a kukacka obecna, Cucculus
canorus napodobuji krahujce rodu Accipiter (Thorogood & Davies 2013; Davies & Welbergen 2008;
Liang & Mpller 2015) a rezava forma kukacky obecné pravdépodobné napodobuje postolku obecnou
(Trnka et al. 2015).

Dilezitost zbarveni zkoumali také Vesely et al. (2016), kteti predkladali u krmitka rizn€ barevné
modifikované atrapy krahujce obecného, které mély zachované ostatni drav¢i znaky a tvar téla. Velmi

slabd reakce sledovanych sykor na nejvice upravenou, fialovo-bile kostkovanou atrapu naznacila,



Ze samotna piitomnost zahnutého zobédku a pafatl nestaci a je nutné i pfinejmensim realistické zbarveni

(Vesely et al. 2016).

1.3 Delayed plumage maturation

Tento pojem volné pielozitelny jako ,,zpozdéné dospivani opeteni* odkazuje na jev, kdy ptakim ziistdva
juvenilni opefeni i béhem prvni potencialni rozmnozovaci sezony a muze se tykat obou pohlavi. Toto
opefeni je zpravidla méné napadné nez $at starych samct a ¢asto podobné samici (Hawkins et al. 2012).
Tento jev se neztidka vyskytuje napfic¢ celou ptaci tiidou (Hawkins et al. 2012), avsak nejvice je studovan

na pévcich (Rohwer et al. 1980; Lyon & Montgomerie 1986; Doucet et al. 2007).

Vyrazné odli$né juvenilni zbarveni se vyskytuje u mnoha skupin zivocichd a vétSinou ma za cil
lepsi ukryti mlad’at pfed predatory. Béhem osmdesatych let 20. stoleti vznikly hlavni hypotézy vzniku
a adaptivnich funkci Delayed plumage maturation (DPM; Hawkins et al. 2012).

1. Constrained moult/delayed investment hypothesis: Investice do nového pefi je energeticky
nakladna, proto ji ptak odklada na dalsi sezonu (Procter-Gray & Holmes 1981; Rohwer & Butcher
1988). Tato hypotéza ziejmé neni aplikovatelna na druhy s vétsim mnozstvim subadultnich Satii
(e. g. albatrosi, racci, orli) (Hawkins et al. 2012). Také je nepravdépodobné, Ze by tato hypotéza
vysvétlovala DPM u mnoha tropickych a subtropickych druht, které Ziji déle a Casto ziskavaji
dospély $at pozdgji (Stutchbury & Morton 2001). Jistou podporu této hypotézy piedlozil
Chu (1994).

2. Constrained sexual maturation: Tato hypotéza muze byt aplikovatelna na vétsi druhy ptaka, které
maji subadultni opefeni po dobu prvnich nékolika let, kdy se zaroven nerozmnozuji. Tato strategie
bude pravdépodobnégji soucasti rozmnozovacich strategii nez vyvojovych omezeni, jelikoz
vSechny ptaci druhy maji fyziologické predpoklady pro vyvinuti funk¢nich gonad a rozmnozovani
béhem prvniho roku Zivota (Hawkins et al. 2012).

oy oe

I kdyz nemohou konkurovat plné vybarvenym samctm (Hill 1994), mohou vsak mit malou Sanci
na reprodukci, pokud se naskytne pfilezitost (Studd & Robertson 1985, také breeding treshold
hypothesis). T nékteti vétsi ptaci mohou vyuZzivat tuto strategii. Naptiklad podil samic racka
atlantického (Larus atricilla), které kladou vejce se zvySuje béhem prvnich tii let jejich Zivota
(Dolbeer & Bernhardt 2003). Prvni sezonu mohou mladi ptaci vyuzit k dokonalému zmapovani
lokality a vybéru nejlepsiho teritoria, o které budou usilovat v nasledujicich letech (Bruinzeel &
van de Pol 2004).



4. Female-mimicry hypothesis: Rohwer et al. (1980) piedstavil hypotézu, kdy mladi samci
s opefenim podobnym samici jsou mén¢ napadani adultnimi samci a maji tudiz lepsi pristup
ke zdrojim potravy a k samicim, které jsou jinak zufivé branény. Takovéto blizsi setkavani
se samicemi znamena i vétsi Sanci na extra-parové kopulace (Brown 1984). Na podporu této
hypotézy existuje jen velmi omezeny pocet studii a vysledky jsou sporné (Slagsvold & Setre 1991;
Hakkarainen et al. 1993; Vergara & Fargallo 2007).

5. Cryptic hypothesis: Juvenilni $at je mnohem vice krypticky a zajist'uje nositeli lepsi ochranu pied
predatory (Selander 1965; Rohwer et al. 1980; Foster 1987). Tuto hypotézu testoval Gotmark
(1993), kdy v atrapovém pokusu krahujec napadal nendpadné samice pénkav méné Casto nez
barevné samce. Naproti tomu, V piipadé lejskli cernohlavych, napadni samci byli napadani méné
nez kryptické samice (Gotmark 1993). Dravym ptakiim muze nenapadnéjsi zbarveni juvenill
naopak usnadnit ptistup ke své kofisti. Menq (2013) ve své praci ukézal, ze juvenilni opefeni
luniakovce Sedohlavého (Leptodon cayanensis) témét perfektné napodobuje vzhled orla ozdobného

wervr

ochranu pfed mobbingem.

6. Status-signaling hypothesis: Dospéli, plné vybarveni samci jsou méné agresivni vic¢i mladym
samcim v subadultnim opefeni, kteti cestné signalizuji svij v€k a nezkuSenost (Lyon
& Montgomerie 1986; Senar 2006). Studie na jificce modrolesklé (Progne subis) ukazaly,
ze adultni samec toleruje v okoli svého teritoria mladé subadultni samce a potom se paii s jejich
samic¢kami a je otcem az 50 % mlad’at v jejich hnizdech (Morton et al. 1990; Wagner & Morton
1997).

Z literatury obecné vyplyva, ze DPM ¢asto neni vysledkem vyvojovych omezeni, ale spiSe soucast
strategii, jak se vyhnout kompetici se star§imi jedinci. Casto vznika tam, kde je silna konkurence, vysoké
nadgje na budouci reprodukci a vysoka cena za prohru v kompetici. U vétsiny ptacich druhti jsou mladi
samci v subadultnim pefi vystaveni niz§i agresi ze strany adultnich samct, nez samci v definitivnim Satu

(Hawkins et al. 2012).

2 Cile prace

Ve své bakalaiské praci jsem otestoval schopnost strak obecnych rozpoznat a adekvatné reagovat
na jestiaba lesniho v juvenilnim opefeni. Jestfab je nebezpedny predator, specializovany na lov ptakt
velikosti straky (Toyne 1998). Béhem prvniho roku zivota je ale zbarven velmi odlisné od dospélych
jedinct. To by mohlo byt adaptivni ve vztahu ke kofisti, protoze toto zbarveni je velice podobné opeteni

kané lesni — pro vétsi druhy ptakt neskodného predatora. Straka je inteligentni a socialni ptak, u kterého
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predpokladame schopnost rozpoznavani predatorti na vysoké trovni. Piedchozi studie Hralové (2006)
a Buitron (1983) ukazaly, ze straka reaguje riznym zpusobem na rizné predatory. Cilem této bakalaiské
prace je tedy zjistit, jestli dokaze rozpoznat dva predatory velmi podobné na pohled, avsak zasadné se lisici

svou nebezpecnosti pro straku.
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4 Manuskript

Title: Magpies are able to assess the threat represented by different raptors.
Header: Magpie differentiate between buzzard and juvenile goshawk.

Authors: Spicka J., Vesely P., Fuchs R.

Department of Zoology, Faculty of Science, University of South Bohemia in Ceské Budg&jovice

4.1 Abstract

Multiple raptors show delayed plumage maturation with juveniles being substantially differently
coloured than their parents. Here we test the prediction that juvenile northern goshawks (Accipiter
gentilis) specialized to hunting larger birds and mammals (up to the size of goose or hare)
resemble common buzzards (Buteo buteo) preying mostly on small rodents (voles predominately).
We used Eurasian magpies (Pica pica) as a common prey of goshawks to test this prediction.
We compared behavioural responses of magpie parents defending their fledged youngs towards
stuffed dummies of adult goshawk, juvenile goshawk and buzzard. To be able to assess if this
behaviour differs from responses to nest predator and harmless bird, be also presented common
raven (Corvus corax) and common pheasant (Phasianus colchicus) respectively. We showed that
juvenile goshawks are commonly attacked and magpies spent lot of time in their close proximity.
This response substantially differs from the response to the buzzard, with magpies only rarely
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vocalizing and showing very few active defence behaviour (equal as to the pheasant or raven).
Adult goshawks, on the other hand, were not attacked, magpies spent most of the time flying
around the dummy, vocalizing, but staying further from it. We may conclude that juvenile
goshawks are not confused with the buzzard by magpies, moreover, magpies are able to evaluate

the lesser threat represented by young and inexperienced goshawks.

4.2 Keywords

Predator recognition; delayed plumage maturation; Accipiter gentilis; Pica pica

4.3 Introduction

Antipredator behaviour is extremely risky and expensive activity; therefore, its initiators have to
accurately assess the threat each intruder represents (Caro 2005). No response to predator leads
to loss of offspring or death of an adult, while strong response to non-predator is a waste of time
and energy (Caro 2005). Davies & Welbergen (2008) showed that great tits (Parus major) and
blue tits (Cyanistes caeruleus) react equally to presented dummies of Eurasian sparrowhawk
(Accipiter nisus) and common cuckoo (Cucculus canorus), thus they avoid visiting the feeder
when a harmless cuckoo is present. Similarly, blue tits and great tits do not perform any
antipredator behaviour in reaction to little owl (Athene noctua) dummy if they do not co-occur

and have not experienced any predation attempt by little owl (Carlson et al. 2017).

Mobbing is the most typical kind of antipredator behaviour observed during the breeding
season as well as outside it (Shedd 1982). Passive mobbing includes mainly alarm calls, warning
postures (Ash 1970), or the distraction of predator by injury imitation (Barash 1975). On the other
hand, active mobbing includes flight over the predator, which may culminate in attacks by swoops
without, or with physical contact with predator (Ash 1970; McLean et al. 1986). Since the attacks
with contact are mostly aimed at the neck and the head of a predator (Shedd 1982), the active
mobbing is a very risky behaviour, which can lead to the injury or even death of the attacking
individual (Barash 1975; Curio et al. 1985; Montgomerie & Weatherhead 1988). Contrary to the
passive mobbing, active mobbing is more time and energy consuming behaviour (Caro 2005).
Finally, it can be very conspicuous, and it may attract the attention of other predators (McLean
et al. 1986) or nest parasites (Krama & Krams 2005; Rands 2012).

Particular predators may substantially differ in threat level they represent to various prey

species. Strnad et al. (2012) showed that nest defending red-backed shrikes (Lanius collurio)
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do not hesitate to attack common kestrel (Falco tinnunculus) and Eurasian jay (Garrulus
glandarius) representing a threat to their chicks. On the contrary they are more cautious when the
intruder is Eurasian sparrowhawk, which represents serious threat also for the parents (Strnad
et al. 2012). Similarly, sparrows (Passer montanus and P. domesticus) are most intimidated by the
sparrowhawk and grey form of the cuckoo, less by the kestrel, and they ignore the rufous form
of cuckoo and the collared dove, Streptopelia decaocto (Trnka et al. 2015). Similarly, tufted
titmice (Baeolophus bicolor) are able to distinguish predators varying in their body size, and thus
the capacity of capturing them (Courter & Ritchison 2010). They feared the most the eastern
screech owl (Megascops asio) and sharp-shinned hawk (Accipiter striatus), specialized
to capturing small passerines, while they showed less fear in the presence of larger Cooper’s hawk
(Accipiter cooperi), great horned owl (Bubo virginianus) and red-tailed hawk (Buteo
jamaicensis). Moreover, they express the predator size and threat level in their alarm calls
(Courter & Ritchison 2010).

Necessary precondition to appropriate reaction to various intruders is precise predator
recognition. Multiple studies showed the ability to differentiate predators from non-predators (see
Fuchs et al. 2019 for review); nevertheless, the ability to recognize particular predators was
experimentally confirmed as well. Various predators are often members of the same taxonomic
group (e. g. Accipitridae, Strigidae, Falconidae), therefore they have some shared features
(hooked beak, talons, conspicuous eyes). The use of these so-called key features (sensu Lorenz
1939) was repeatedly confirmed in experimental studies with birds (Curio 1975; Scaife 1976;
Berankova et al. 2014). Nevertheless, the studies mentioned in previous paragraph confirmed
the capacity of recognition of very similar raptors or owls differing only in details in colouration.
The importance of colour in predator recognition was also suggested by experimental studies
(Vesely et al. 2016; Nacarova et al. 2018).

We decided to test the predator recognition by Eurasian magpies (Pica pica) because there
is already some evidence, that magpies are able to differentiate between several predator species
and act accordingly (Hralova 2006). This study showed that magpies perform the most intensive
antipredator behaviour in the presence of the tawny owl (Strix aluco), while they show almost
no mobbing towards the dummy of the beech marten (Martes foina). The intensity of magpie
reaction to naturally encountered predators during the nest defence also depends on the species
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of the predator (Buitron 1983). Magpies usually mob raptors, while they avoid attacking harmless
species. Nevertheless, the ability of magpies to distinguish between very similar predators
differing in the threat they represent has never been tested before. Moreover, magpies are very
social (Cramp & Perrins 1994), which is beneficial for sharing predator experience and fending
them off in large groups. Magpie parents care for their offspring for six weeks after fledging and
usually stay together until the next spring (Husby 1986) and during this period the whole family
Is cooperating during antipredator behaviour.

A good opportunity to test magpie responses to similar predators give us the delayed
plumage maturation (DPM), which occurs in several raptor species in Europe. This phenomenon
describes a situation when juveniles are often coloured very distinctly from adults
(Lyon & Montgomerie 1986). There are multiple explanations for DPM. It is generally believed
that it is an intraspecific signal mimicking the female or signalling subordinate status of the
young individual (Vergara & Fargallo 2007). Nevertheless, in some species it may also be a signal

to other species, predators (cryptic colouration) or prey (pretending being harmless).

Northern goshawk (Accipiter gentilis) is a specialized predator of birds up to the size
of duck or pheasant (Toyne 1998). Juvenile plumage of northern goshawk is very different from
the adult plumage (both male and female). It is rather similar to the colouration of equally sized,
co-occurring common buzzard (Buteo buteo) a specialized predator of small rodents almost
harmless to birds (Graham et al. 1995). The adaptive significance of this colouration is questioned.
Some juvenile raptors mimic rather more dangerous bird of prey to gain protection from being
mobbed by the prey (Menq 2013). Nevertheless, in case of the goshawk, the juvenile colouration
resembles a harmless raptor, which may increase the hunting success of the goshawk approaching
the prey (Menq 2013).

The differences between juvenile goshawk and buzzard reside mainly in the colour of the
iris (goshawk - pale green-grey or green-yellow, buzzard - light grey-brown). Dark vertical streaks
on belly and breast are present in both species, but they are more evenly spread on goshawk. Most
goshawk individuals have more pronounced light supercilium (Baker 1993). Therefore, there
is some possibility to recognize both species, though it is limited. We decided to test the ability
of free-ranging magpies to recognize the juvenile goshawk from buzzard in the period of breeding

when their chicks fledge, and they form a family flock.

16



We tested the following hypotheses:

1) Magpies consider adult goshawk more threatening than buzzard and they avoid
approaching it.

2) Magpies consider buzzard as harmless (less threatening than common raven — nest
predator and equally threatening as harmless control, pheasant).

3) Magpies consider juvenile goshawk equally threatening as buzzard, because they are not

able to distinguish them.

4.4 Material and methods

4.4.1 Study area

Field work was conducted at the end of the breeding season (May 25" to June 20" 2019 and 2"
to 8" June 2020) in the area of Ceské Budgjovice (Czech republic, GPS: N 48°58°28”’
E 14°28°28"). Ceské Bud&jovice is a county town of approximately 100 0000 inhabitants.
The urban development varies importantly, experiments were conducted mainly at the borders
of the panel housing estates, within garden city, but also in the tree draws within fields at the

borders of the town.

4.4.2 Study species

Eurasian magpie is a common corvid species inhabiting most of the palearctic region. It forms
monogamous pairs building roofed nests preferably on the top of a tree crown (Cramp & Perrins
1994). The preferred trees in our study area are oaks (Quercus sp.) and birches (Betula sp.) and
the mean above ground position of the nest was 8.7 m (SE =2.57 m, min: 5 m, max: 14 m).
Magpies are year-round territorial (Baeyens 1981) with the exception of common roosting during
the winter (Moller 1985). They defend their territory and nests not only against other magpies but
also other intruders and potential predators. Hralova (2006) showed that intensity of magpie
mobbing differs according to presented dummies. The risk index (adapted from Windt & Curio
1986) describing the intensity of the nest defence was the highest in the presence of tawny owl,
than decreased towards northern goshawk and the weakest response was towards hooded crow

(Corvus cornix) and beech marten (Hralova 2006).
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4.4.3 Predators

We presented five dummies (see supplement Figure S1) to test the ability of magpies to recognize
the predators varying in the threat they represent for magpies: 1) adult female northern goshawk,
which represents major threat to adult magpies and their offspring as they comprise up to 8.3 %
of goshawk diet in Wales, UK (Toyne 1998), 4.8 % in Galicia, Spain (Rebollo et al. 2017)
or 2.1 % in NE Poland (Zawadzka 1998); 2) juvenile female northern goshawk — representing
a significant threat, maybe less skilled hunter than the adults, similar appearance as the common
buzzard; 3) juvenile common buzzard represents negligible threat to adult magpies, which only
rarely occur in buzzard’s diet, which contains mostly voles and juvenile Lagomorphs (Graham
et al. 1995); 4) adult male common raven (Corvus corax) — significant magpie competitor and
potential predator of eggs and small chicks, but not adult magpies (Rosner et al. 2005) and 5)
adult male common pheasant (Phasianus colchicus) representing a familiar but completely

irrelevant stimulus for magpies.

All dummies were prepared in upright perching position with wings folded and by the
same taxidermist. All dummies were of generally the same size (approx. 50-60 centimetres body
length, apart from pheasant with its long tail). We have chosen juvenile goshawk and juvenile
buzzard because they are very similar in colouration. Juvenile goshawk possesses conspicuous
light-yellow iris, brown upperparts and light brown underparts with dark streaking (sagittally
elongated dots). This colouration differs importantly from adult female, which possesses
orange-red iris, dark grey upperparts and light grey underparts with transversal undulation (fine
dark grey stripes). On the contrary juvenile goshawk resembles juvenile buzzard, possessing light

brown iris, dark brown upperparts and brown and white patches on the underparts.

4.4.4 Experiment

The experiment was conducted at the stage when all magpie chicks fledged. The entire family
is usually staying several weeks in the surrounding of the nest (within hundreds of meters
(Cramp & Perrins 1994)), therefore we observed the responses of parents defending their territory
and/or freshly fledged and defenceless chicks. We installed the dummy on the 1.2 m long pole
in the vicinity of the magpie nest (10 to 40 meters) in an exposed position so that it is well visible
for the free roaming magpies. The dummy was concealed by piece of cloth during transportation

and installation. We accompanied the dummy with the playback of magpie alarm call during
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the entire trial. The playback was obtained from freely available online database Xeno-canto
(Fernand Deroussen, SE France, XC153820; www.xeno-canto.org/153820). The playback was
played from a loudspeaker (Mipro MA-202) located 5 m away from the dummy, hidden in the
vegetation. The volume of the loudspeaker was set to imitate natural performance of a living
magpie. Human observer equipped with video recorder (Canon Legria HFR56) and binocular was
present approx. 100 m away from the dummy and recorded the behaviour of magpies within the
view. The trial started after the first appearance of a focal magpie and lasted 15 minutes. We
focused on the behaviour of the adult magpie pair, which could be differentiated from youngs
according to body size and colouration (the fledglings have smaller body size on average, possess
patches of bald skin on their heads and their black feathers are far less shiny). We examined
several magpie behavioural characteristics: 1) the number of direct physical attacks to the dummy,
2) the number of very close approaches to the dummy (closer than 30 centimetres, though without
physical contact with the dummy), 3) number of perches associated with producing alarm calls,
4) number of perches associated with guarding the dummy (looking the dummy direction, often
associated with excited behaviour — crouching, tail swaying), 5) total time (in seconds) spent
closer than 10 m from the dummy, 6) number of flights over the dummy and 7) total distance

flown during the trial (in meters).

4.4.5 Statistical analyses

Firstly, we performed principal component analyses (PCA, Figure 1) visualising all seven
recorded behaviours into multi-axes space. Each trial takes a specific position within this space
and gets a position on each canonical axis. We visualized particular recorded behaviour responses
to assess their mutual correlation, together with their loadings on particular canonical axes. The
first canonical axis explained 73.62 % of observed variability in all recorded behaviours. All
observed behaviours were loaded with the positive values on the first axis, with highest loadings
of the time spent within the distance of 10 meters from the dummy, the number of flyovers and
total distance flown. In the negative values of the first canonical axis, there were trials with very

low or zero behavioural response to the dummy.

The second canonical axis explained 18.58 % of variability. In positive values it was

loaded by the time spent within the distance of 10 meters from the dummy and by the number
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of attacks and close approaches (to 30 centimetres) to the dummy. In negative values, the second

axis was loaded by the total distance flown and by the number of flyovers.

We also visualised the position of the mean value of trials presenting particular dummies
within the space defined by the first two canonical axes. Further, we generated the position of each
trial on the first and second canonical axis, which we used as the two response variables in further
analyses. The PCA analysis was performed in software CANOCO 5.0 (Lep$ & Smilauer 2014).

To test the effect of the predictor variables on the variability in the scores of the first and
second canonical axes, we run two linear mixed-effect models (command Imer, package Ime4
in software R 3.6.3) as the scores of both axes showed the gaussian error distribution. The territory
(or nest) identity was included as a random factor. We tested the effect of two predictors, the
dummy type (five values) and the sequence of the trial within the order of five dummy
presentation (coded as categorical predictor). As the behaviour of parents may be also affected
by the presence of their fledglings or individuals from other territories, the number of birds present
during the trial was added as a covariate. We used forward selection and likelihood ratio test
following the gaussian error distribution (F test) to compare particular models. To compare
particular value dyads of the categorical predictors (particular dummies namely) we used Tukey
HSD posthoc test with Tukey correction for repeated comparisons (command glht in package
multcomp in R 3.6.3).
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4.5 Results
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Figure 1: Principal Component Analysis of all recorded behaviour of magpies in the presence
of particular dummies. Attack — number of attack with physical contact to the dummy; 10 m —
total time spent within the radius of 10 meters from the dummy; close — number of attacks when
magpie approached the dummy closer than 0.3 m; guarding — time spent siting while looking
at the dummy, tail swaying, squatting, etc.; warning — number of sits with at least one alarm call;
flyover — number of flights over the dummy; meters — total meters flown during the trial.
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First canonical axis

The variability in the scores of the first canonical axis was significantly affected by the type of the
presented dummy (Fs,144=6.00, P < 0.01). There was no effect of the trial sequence (F4,144 = 2.06,
P = 0.09). Post hoc comparison showed that magpies performed more antipredator behaviour
of any type in the presence of adult and juvenile goshawk than in the presence of buzzard, raven

and pheasant (Table 1, Figure 2). There was no difference between juvenile and adult goshawk

and no difference between raven, buzzard and pheasant (Table 1).
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Figure 2: Scores of the first canonical axis obtained in experiments presenting particular
dummies. Box represents 75 % quantile, whiskers 95 % quantile, the horizontal line is median,

and dots are outliers.

Table 1: Results of pairwise comparison of the scores of the first canonical axis obtained
in experiments presenting particular dummies (post-hoc Tukey HSD test: t values blue, P values

red, significant differences in bold).

Hawk Juv

Buzzard

Raven

Pheasant

Adult Juvenile Buzzard Raven Pheasant
goshawk | goshawk
Adult goshawk 0.995 0.016 0.019 0.001
Juvenile goshawk 0.396 0.025 0.016 0.005
Buzzard 2.855 2.658 0.291 0.100
Raven 3.116 2.720 1.462 0.923
Pheasant 3.940 3.544 1.886 0.824
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Second canonical axis

The variability in the scores of the second canonical axis was significantly affected by the type
of the presented dummy (Fs,144 = 10.43, P < 0.01). There was no effect of the trial sequence
(Fa,144= 2.85, P = 0.31). Post hoc comparison showed that magpies approached adult goshawk
less than other dummies and hesitated to attack it (Table 2, Figure 3). There was a significant
difference between adult goshawk and other dummies, but no difference between buzzard, raven,
buzzard and pheasant in the variability of the scores of the second canonical axis (Table 2).
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Figure 3: Scores of the second canonical axis obtained in experiments presenting particular
dummies. Box represents 75 % quantile, whiskers 95 % quantile, the horizontal line is median,
and dots are outliers.

Table 2: Results of pairwise comparison of the scores of the second canonical axis obtained
in experiments presenting particular dummies (post-hoc Tukey HSD test: t values blue, P values
red, significant differences in bold).
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Adult Juvenile Buzzard Raven Pheasant
goshawk | goshawk
Adult goshawk <0.001 <0.001 0.025 <0.001
Juvenile goshawk 4.758 0.675 0.844 0.994
Buzzard 6.085 1.327 0.135 0.409
Raven 2.734 1.024 2.352 0.974
Pheasant 4,339 0.419 1.746 0.605




4.6 Discussion

Principal component analysis of magpie behaviour showed that they perform antipredator
behaviour especially against goshawk (juvenile or adult). The reaction to other dummies was
significantly weaker and often neutral. These results suggest that magpies are able to distinguish
juvenile northern goshawk and common buzzard with certainty. This is in contrary with our

premise that juvenile goshawk is indistinguishable from common buzzard for magpies.

The delayed plumage maturation of juvenile goshawks could have been beneficial
to confuse their prey and increase their chance of successful hunt as supposed by Menq (2013)
on zone-tailed hawk (Buteo albonotatus) which resembles innocuous vultures from the genus
Cathartes. Nevertheless, at least in case of magpies this strategy is not effective. Nevertheless,
the second axis of PCA analysis showed significant difference in magpie behaviour against adult
and juvenile goshawk. In the presence of adult goshawk magpies stayed further from the dummy,
jumped around and they only produced alarm calls. On the contrary, juvenile goshawk was
attacked vigorously. Therefore, we can assume, that juvenile plumage of goshawk allows magpies
to reveal its poorer hunting dexterity and consider attacking it less risky. It is generally considered
that juvenile raptors are less experienced hunters than the adults, and their hunting technique
usually develops for longer time (McCann & Kemp 1994; Kitowski 2009). There is also evidence
that prey avoids mobbing extremely dangerous predators to avoid harming themselves
(Griesser 2009; Strnad et al. 2012; Dutour et al. 2016; Cunha et al. 2017). Nevertheless, evidence
that prey has the capacity to evaluate the poorer hunting ability of juvenile predators is missing
to date. The DPM thus seemingly does not provide any advantage for juvenile goshawks, given
that the potential prey does not mistake juvenile goshawk with harmless buzzard, and moreover
do not fear them and attack them vigorously. Therefore, it is possible that adaptive function
of DPM in goshawk lies within conspecific communication. It is assumed, that juvenile
individuals perform DPM to mimic adult females of their own species to avoid aggression from
adult males (Lyon & Montgomerie 1986). Nevertheless, juvenile goshawk plumage is very
distinct from adult female plumage, therefore we can deny the mimicking female hypothesis for
northern goshawk. The only possible explanation is that juvenile plumage of northern goshawk
has cryptic function. There is an evidence that juvenile Accipitrids possess more cryptic

colouration to avoid predation by larger predators (Louette 2000). It is questionable if this strategy
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applies also for Northern goshawk, as there are only very few predators regularly preying on them
(Rutz et al. 2006).

Another potential target of the cryptic colouration may be the prey of the raptor possessing
DPM. It has been proposed that juvenile raptors may benefit from being less visible, which
compensates for their poorer hunting performance. Anyway, it is probable that the cryptic
colouration of juvenile goshawks is not addressed to magpies. Corvids are known for their
remarkable cognitive abilities (Taylor 2014). Therefore, they are probably able to recognize fine
differences in appearance between variously dangerous raptors. We may propose e.g. pigeons
or fowl to perform worse in the recognition of fine details in colouration of raptors
(Zorina & Obozova 2012). This may be one of the reasons why these taxa represent most of the
goshawk’s diet (Toyne 1998).

Our study also showed that raven and buzzard are perceived similarly dangerous
by magpies, on both axes of PCA was their reaction comparable to their reaction towards
pheasant. Nevertheless, in some trials, magpies did attack raven and buzzard dummies. Especially
the reaction on raven is highly variable (see Figure 3). This can be caused by individual experience
of predation events by raven. Common raven is mainly a scavenger feeding on dead animals
regardless their size. It can also prey upon live animals up to the size of a rabbit, usually on small
rodents and bird eggs and chicks on the nest, but only if the amount of available carrion is low
(Tome et al. 2009). The population of common raven in Czech Republic is rising recently (Stastny
& Bejcek 2008), therefore the ravens occur in new areas, where magpies are not familiar with
them. The predation pressure from the raven can therefore differ among particular magpie pairs,
which can induce different reaction. Moreover, we conducted our experiments after the chicks
fledged. In such situation the raven is no longer a threat to youngs and the parents may differ
in their ability to evaluate this threat. The importance of the individual experience with
the predator on the antipredator reaction was showed repeatedly (McLean et al. 1999; Kullberg &
Lind 2002; Carlson et al. 2017) and can be thus expected in magpies as well.
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4.8 Supplementary material

Figure S1: Stuffed dummies presented in the experiments. A — adult female of northern goshawk
(Accipiter gentilis), B — juvenile female of northern goshawk, C — juvenile female of common
buzzard (Buteo buteo), D — adult male of common raven (Corvus corax), E — adult male
of common pheasant (Phasianus colchicus).
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