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B Annotation

This study investigates two questions about anti-predator behaviour of the
red-backed shrike. 1) Is the red-backed shrike able to assess the differing
dangers represented by various types or species of predators? 2) How does
the red-backed shrike recognize the predator? We found, that the red-
backed shrike (Lanius collurio) adjusts its anti-predator behaviour by
assessing the potential threat to themselves from different predator
species and by assessing the chance of a successful attack. Further, we
found that the presence of general raptor salient features is absolutely
necessary for proper categorisation of the intruder as a predator, whereas
the natural species-specific colouration in itself is an insufficient cue.
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Jak tuhyk obecny (Lanius collurio) rozpoznava nepratele

Kapitola 1
Uvod do problematiky

antipredacniho chovani a
rozpoznavani predatoru ptaky

Michal Némec, disertacni prace



Uvod

V dobé hnizdéni vynakladaji ptaci rodi¢e maximalni UGsili na Uspésné
predani genl do dalsi generace. Proces odchovu mladat viak mlze byt
kdykoli ve svém prlbéhu narusen, ¢i zcela ukonéen mnoha negativnimi
vlivy. Témito vlivy mohou byt napfiklad neptizen pocasi, parazité anebo
predace. Pravé predace je velmi €astou pficinou totdlniho krachu hnizdéni
(Martin 1993; Roos 2002; Roos a Part 2004). U tuhyka obecného se podili
az na 46,2 % celkovych ztrat (Tryjanowski et al. 2000). Ptaci ovSsem mohou
predaci rdznym zplsobem Ccelit — at uZ nepfimo, naptiklad vybérem
vhodného mista k hnizdéni (Rauter et al. 2002; Roos a Part 2004; Miiller, et
al. 2004), tak pfimo pti nastalém ohroZeni.

Aktivni obrana potomstva

Prakticky kazdé zvife, které ve své blizkosti objevi a identifikuje predatora,
se snazi uniknout nebo ubranit (Krebs a Davies 1993). Uték od predatora je
pro pohyblivé Zivocichy ve vétSiné pripad( nejspolehlivéjSim fesenim
situace (Caro 2005). Takovou moZnost vSak nemd ptaci potomstvo na
hnizdé (vejce ¢i altricialni mladata), které az na vyjimky — napf. vyskoceni
z hnizda (Redondo a Carranza 1989; Gotawski a Meissner 2007), mifena
defekace (Tillmann 2009) ¢i jiny zapach (Hagelin a Jones 2007), nebo
batesovské mimikry (Londofio et al. 2015) — nedisponuje Zadnymi
obrannymi ¢i unikovymi prostfedky. Efektivni antipredacni chovani
hnizdicich ptakl je tedy jednim z nezbytnych ptedpokladl pro preziti vajec
a altricidlnich mladat (Redondo 1989). Kazdé chovani, které vede k redukci
predace hnizd (pokud jej ovSsem rodice prezZiji) zvysuje fitness jedince
(Knight a Temple 1986). Nebezpeci hrozici ze strany predatorl vsak
soustavné ovliviiuje témér veskeré jednani potencidlni kofisti, od
potravniho chovani az po vybér partnera, protoZe kofist prizplsobuje své
chovani tak, aby snizila riziko predace (Lima a Dill 1990).

Primdrni snahou vétSiny ptak( je, aby predator potomstvo vibec
neobjevil. Tato snaha vsSak nebyvd sama o sobé dostacujici. Jakober a
Stauber (2002) uvadéji, Zze pouze 16 % hnizd tuhyka obecného je dikladné
ukrytych, zatimco 47 % hnizd je z okoli snadno viditelnych. Pomér Spatné
ukrytych hnizd se zvySuje pfi nahradnim hnizdéni. Autofi se domnivaji, Ze
tuhyci neukryvaji sva hnizda lépe vétSinou kvlli prostému nedostatku



vhodnéjsich hnizdnich kefU. V situaci, kdy se predator pohybuje v dosahu
potomstva, ale osvé potencidlni kofisti nevi, mohou rodie stale jesté
¢ekat a doufat, Ze jej neobjevi. Pokud vsak predator hnizdo najde, zbyva
dospélym ptakdm posledni ajedind moZnost jak zachranit potomstvo —
pokusit se predatora zahnat ¢i jinak odradit od uUtoku.

Takova forma antipredacniho chovani, pfi které se potencidlni kofist
predatorovi snazi rdznymi zplsoby znepfijemnit pobyt ve svém teritoriu,
byvd oznacdovana terminem mobbing — obtéZovani (Hartley 1950).
Vyskytuje se predevsim u ptakl a savcl pfi obrané mladat a jeho ucelem je
odradit, zastrasit nebo silou vyhnat predatora zvlastniho teritoria (pro
review viz Caro 2005). Kromé odpuzeni predatora funguje mobbing také
jako varovani konspecifickych (predevsim mladat a partnera), eventuelné
heterospecifickych jedincl (Curio et al. 1978; Templeton a Greene 2007).

Podle razance s jakou obrance proti predatorovi zasahuje Ize mobbing
délit na pasivni aaktivni (Shields 1984; Winkler 1994). Mezi pasivni
mobbing mizZeme u ptakd pocitat nékteré varovné hlasové projevy —alarm
calls (Vieth et al. 1980; Naguib et al. 2009), vystrazné postoje, jako je
¢epyreni, zvednuti chocholky, podiepovani, podupavani, vzptimeny postoj,
napadné pohyby kridel a ocasu apod. (Ash 1970; Kumar 2003; Griffin et al.
2005), a dale také shlukovani do hejn a krouzeni ve vétsi vzdalenosti od
predatora (Shields 1984; Conover 1987). Aktivnim mobbingem ptaka se
vétsinou rozumi prelety kolem predatora nebo jeho napadani formou
naletd, pfi nichz se mlZe obrance s predatorem ifyzicky stfetnout (Ash
1970; Curio 1975; Kruuk 1976; Shields 1984; McLean et al. 1986). Na
vyznam aktivni obrany hnizd bylo poukdzano v mnoha experimentalnich
studiich, kde bylo ovéreno, Ze aktivnéjsi/agresivnéjsi rodice byli pfi
u tuhyka obecného (Tryjanowski a Gotawski 2004; Midller, et al. 2004;
Gotawski a Mitrus 2008).



Faktory ovliviujici formu aintenzitu aktivni obrany
potomstva

Mobbing je povazovan za energeticky velmi ndkladnou aktivitu
a predstavuje tedy pro obrance znacnou investici (Curio 1978; Greig-Smith
1980; Dale et al. 1996; Scheuerlein et al. 2001). Predator je obvykle vétsi
a tézsi nez kofist ajeho zahnani je tudiz velmi narocné. Kromé toho
mobbing braniciho ptdka pfipravuje o ¢as, ktery by mohl vénovat sbéru
potravy a dalSi péci o mladata (Dale et al. 1996). Vysledek stfetu je pfitom
nejisty. Mobbing je velmi nebezpecénou aktivitou, pfi které obrance riskuje
zranéni ¢i smrt (Dale et al. 1996; Scheuerlein et al. 2001). Smrt obrance by
pak byla fatalni i pro mladata, nebot by se o né nemél kdo starat. Branici
jedinec by tedy mél pred zasahem vazit miru nakladd a rizik vici hodnoté
mozného zisku.

Pomér mezi naklady a ziskem pfti aktivni obrané hnizda byl mnohokrat
studovan. NejdllezitéjSim faktorem ovliviujicim formu aintenzitu
mobbingu je pravdépodobné typ vetielce. Povaha antipredacniho chovani
je pochopitelné zasadné ovlivnéna tim, proti jakému nepfiteli je namirena
— zda jde o hnizdniho parazita, predatora mladat ¢i dospélcli apod. Velmi
Casto zaleZi na tom, zda nebezpecdi pfichazi ze zemé nebo ze vzduchu (viz
nasledujici kapitola). Vyznamnad je rovnéz vzdalenost predatora od hnizda
(Greig-Smith 1980; Klump a Curio 1983; Regelmann a Curio 1983; Hogstad
2004; Kleindorfer et al. 2005).

Ve vétsiné studii bylo potvrzeno, Ze ptéaci vynakladaji na zahnani
predatora tim vétsi usili, ¢im vyssi je hodnota obsahu hnizda. Se zvysujicim
se poétem a/nebo stafim mladat se tedy zvysuje i intenzita mobbingu (Dale
et al. 1996; Tryjanowski a Gotawski 2004; Gotawski a Mitrus 2008; Antczak
et al. 2009). Napriklad u postolky obecné (Falco tinnunculus) ¢i syce
rousného (Aegolius funereus) vsak nebyla souvislost mezi intenzitou
obrany avelikosti snUsky prokazana (Hakkarainen a Korpimaki 1994,
Carrillo a Aparicio 2001). Mnozstvi potomstva ma ovsem vliv také na
kondici rodich atedy ina mnoiZstvi sil, které jsou schopni do obrany
investovat. Velky pocet mladat proto mUze za urcitych okolnosti intenzitu
mobbingu naopak snizit (Greig-Smith 1980).

V prlibéhu hnizdni sezdény se postupné zvysuje intenzita mobbingu,
nebot s bliZicim se koncem obdobi pfihodného k hnizdéni klesd ptakim



sance, Ze by byli schopni po ztraté aktualniho potomstva zaloZit a vyvést
potomstvo nové (Regelmann a Curio 1983; Rytkénen et al. 1993; Carrillo a
Aparicio 2001).

Na intenzitu mobbingu ma u vétsiny ptakd velky vliv pohlavi (Knight a
Temple 1986b; Rytkonen et al. 1993; Dale et al. 1996; Kis et al. 2000;
Carrillo a Aparicio 2001). Casto se pfitom vedouci role béhem hnizdni
sezdny obrati. Zpocatku do obrany vklada vice usili samice, protoze
investovala do potomstva vice, ale v obdobi krmeni mladat, pokud se jej
Ucastni, zacne byt aktivnéjsi samec (Rytkdonen et al. 1993). Napfiklad
u brambornicka cernohlavého (Saxicola torquata), ani ucizka Zlutého
(Carduelis tristis) ale rozdil nalezen nebyl, a to ani ve fazi inkubace, ani ve
fazi krmeni mladat (Greig-Smith 1980; Knight a Temple 1986b).

Dalsi vyznamnou okolnosti je také zkuSenost mobbujiciho ptaka
(Csermely et al. 2006; Capek et al. 2010; Burtka a Grindstaff 2013). Na
rozdil od jedinch pochazejicich z pfirody nebyly naivni sykory koradry
(Parus major) schopny poznat nebezpecného krahujce obecného, Accipiter
nisus (Kullberg a Lind 2002). Curio (1978) soudi, Ze se mladi ptaci uci
rozpoznavat a reagovat na predatory od svych rodi¢l. Naopak Veen et al.
(2000) poukazuji, Ze populace rakosnikll seychelskych (Acrocephalus
sechellensis), kterd nema zkuSenost s predatorem vajec snovatcem
seychelskym (Foudia sechellarum), na néj presto reaguje stejné jako jina
populace téhoz druhu, kterd snim zkuSenost ma. Je také znamo, Ze
Uspésné predchozi pokusy obrancd o mobbing mohou vést
k nasledné silnéjsi reakci a vice versa (Greig-Smith 1980; Knight a Temple
1986b; Clode et al. 2000).

Faktorl ovliviiujicich povahu aintenzitu mobbingu je jeSté mnohem
vice. | pfi zevrubném vyzkumu, ktery hodnotil vliv 16 proménnych na
povahu antipredaéniho chovani, zlstalo 43 % variability nevysvétlenych
(Regelmann a Curio 1983). Stejny vyzkum navic odhalil, Ze nékteré faktory
(konkrétné stafi a pocet mladat a pohlavi rodice) plsobi aditivné.



Variabilita v aktivni obrané proti riznym typim
predatoru

Ptaci vejce a mladata ohrozuje mnoho skupin predatort (z ptak( napriklad
dravi ptaci a krkavcoviti, dale Selmy ajini savci, také hadi), které se lisi
loveckymi technikami a schopnostmi (vzdusny vs. pozemni predator
apod.). RovnéZ pro rodice predstavuji rdzni predatofi rdzny typ a miru
rizika. Pri aktivni obrané by méli rodi¢e vSechny tyto aspekty zohlednit
(Altmann 1956; McLean a Rhodes 1991).

Mnohokrat bylo prokdzdno, Ze ptaci rozpozndvaji predatory od
neskodnych zvifat nebo dalsich indiferentnich objektl (pro review viz Caro
2005). Naptiklad lejsci ¢ernohlavi (Ficedula hypoleuca) reagovali odlisné na
tuhyka obecného a mandelika hajniho, Coracias garullus (Curio 1975),
kurata (Gallus gallus) rozliSovala mezi poStolkou a kivim, Apteryx spp.
(Scaife 1976). Straky reaguji jinak na krkavcovité a jinak na dravce (Buitron
1983). Strnadky rlZovozobé (Spizella pusilla) jednoznacné odliSovaly
predatora hnizd, sojku chocholatou (Cyanocitta cristata), od neSkodné
kontroly, strnadce lis¢iho (Passerina iliaca), béhem inkubace iodchovu
mladat (Burhans 2001). Tuhyci obecni rozliSovali mezi dravci a neg¢kodnym
holubem (Strnad et al. 2012). Sykory konadry byly schopny rozlisit dravce
od krepelky (Kullberg a Lind 2002), resp. od holuba a drozda (Tvardikova a
Fuchs 2012).

Opakované byly zjistény také rozdily v reakcich ptdkd na predatory
dospélch a predatory hnizd. Brehousi Cernoocasi (Limosa limosa)a Cejky
chocholaté (Vanellus vanellus) napadali vétSinu vran cernych (Corvus
corone) a volavek popelavych (Ardea cinerea). Postolky vsak byly napadany
jen pokud hnizdici ptaci pecovali o mladata. Pokud méli teprve vejce,
postolky tolerovali (Green et al. 1990). Dale et al. (1996) instalovali béhem
nepfitomnosti obou rodi¢l lejskim c¢ernohlavym k hnizdu vycpaného
krahujce obecného, strakapouda velkého (Dendrocopos major) a drozda
kvicalu (Turdus pilaris). Lejsci nikdy nezautocili na krahujce, obtézovali, i
pfimo utoCili na datla, ale nikdy nevykazovali znamky vzruseni
v pfitomnosti drozda. Autofi dale méfili cas, ktery uplynul od doby, kdy
rodice vyletéli z hnizda do doby jejich navratu. Zjistili, Zze a¢ byl u krahujce
Cas vidy delsi nez u drozda, vyznamné zalezelo také na véku mladat a jejich
kondici. Arnold (2000) instalovala pobliz hnizd kooperativné hnizdici



kvétosavky kriklavé (Manorina melanocephala), ktera Zije v stabilnich
skupinach spolec¢né mobbujicich jiné ptaci druhy, jednu ze tfi vycpanin:
holuba amboinského (Macropygia amboinensis), vranu australskou (Corvus
orru) €i raroha proménlivého (Falco berigora). Proti vrané vystupovali jen
odvazinéjsi jedinci, na holuba araroha se shromazidilo obrancl vice. Ve
studii Ghalambor a Martin (2000) kratkovéci brhlici béloprsi (Sitta
carolinensis) i dlouhovéci brhlici americti (Sitta canadensis) rozpoznavali
krahujce amerického (Accipiter striatus) jako predatora dospélcl a stfizlika
domaciho (Troglodytes aedon) coby predatora vajec. Kratkovéci brhlici ale
vykazovali silnéjSi reakci na predatora vajec, zatimco dlouhovéci brhlici
reagovali silnéji na predatora dospélcl. Autofi to vysvétluji jejich rozdilnou
ochotou riskovat smrt svou, ¢i svého potomstva, a davaji to do souvislosti
s jejich rozdilnou mirou investic do stavajiciho potomstva a do svého
budouciho preziti. Amat a Masero (2004) sledovali, jak inkubujici kulici
mofsti (Charadrius alexandrinus) reaguji na ptaky létajici cca 50 m od jejich
hnizd, predevsim na dravce (Falco tinnunculus, F. peregrinus, Milvus
migrans, Hieraaetus pennatus, Circus pygargus, C.aeruginosus), ale ina
potencidlniho predatora hnizd, (rybaka bahenniho, Gelochelidon nilotica).
Objevil-li se néktery z dravc(, dospéli kulici ulétali pry¢, zatimco rybaky
obcas prondsledovali nebo situaci kolem svych hnizd alesponi znedaleka
pozorovali.

Nékteré prace popsaly, Ze hnizdici ptaci rozliSuji mezi hnizdnimi
predatory a hnizdnimi parazity. Neudorf a Sealy (1992), naptiklad, sledovali
reakce vlhovce Ccervenokfidlého (Agelaius phoeniceus), drozdce
cernohlavého (Dumetella carolinensis), trupiala baltimorského (/cterus
galbula) abrkoslava amerického (Bombycilla cedrorum) na atrapu
hnizdniho parazita, vlhovce hnédohlavého (Molothus ater), predatora
hnizd, vlhovce nachového (Quiscalus quiscula) a neskodného strnadce
lis¢iho (Passerella iliaca). Zjistili, Ze vihovec cervenokridly, ktery jako jediny
z uvedené cCtvefice ptakd vejce vlhovce hnédohlavého neodmita, proti
nému reagoval agresivné. Naopak zbylé tfi hostitelské druhy, které vejce
vlhovce hnédohlavého nepfijimaji, na néj reagovaly neagresivné, stejné
jako na neskodného strnadce. Vsechny testované druhy, s vyjimkou
brkoslava, ktery nebyl agresivni k Zadné atrapé ziejmé kvuli dobrému ukryti
svych hnizd, povaZzovaly vlhovce nachového za predatora potomstva
a utoCili na néj. Autofi proto soudi, Ze minimalné tyto tfi agresivni



hostitelské druhy dokazou rozlisit specifické problémy, které prinadsi ten
ktery vetrelec. Také lesnacci Zluti (Dendroica petechia) rozlisuji mezi
nebezpecim plynoucim z hnizdniho parazitismu a predace jejich
potomstva. Na vlhovce hnédohlavého reagovali intenzivnéji béhem faze
inkubace vajec, naopak na vlhovce nachového béhem faze péce o mladata
(Gill a Sealy 1996).

Casto je viak obtizné dokdzat, e obrance vnimda hnizdniho parazita
jinak nez predatora. Intenzita varovani strnadky rliZzovozobé byla silnéjsi na
predatora, sojku chocholatou, nez na parazita, vlhovce hnédohlavého.
Jelikoz vSak strnddky mobbovaly vihovce s nezménénou intenzitou i béhem
stddia krmeni mladat, kdy by jim vlhovec jiz nemél uskodit, nelze s jistotou
konstatovat, Ze jej strnadky vnimaly jako hnizdniho parazita (Burhans
2001). Ktymz zavérlm dosli pfi testovani tychZz vetfelcd (D’Orazio a
Neudorf 2008). Stfizlik karolinsky (Thryothorus ludovicianus) stravil vice
¢asu mobbingem na sojku chocholatou nez na hnizdniho parazita vihovce
hnédohlavého. Intenzita varovani proti obéma vetfelcdm ale zlstavala
v dobé inkubace vajec a krmeni mladat stejna. Olendorf a Robinson (2008)
nenalezli Zadny rozdil v mife varovani, naletl, nejblizsim priblizeni ani
poctu obrancll tyranovce zelenavého (Empidonax virescen) proti predatoru
hnizd, sojce chocholaté a hnizdnimu parazitu, vlhovci hnédohlavému.

Testovala se rovnéZ schopnost ptakd rozliSovat pozemni avzdusné
predatory. Tenkozobec americky (Recurvirostra americana) a pisila
americkd (Himantopus mexicanus) reagovali na atrapy savcich predator(
relativné slabé, vétSinou ve formé krouzZeni ve vzduchu a pozemniho
,distraction display” (tj. upoutavani pozornosti na sebe napf. predstiranim
zranéni). Mobbovani byli savci pouze zfidka. Ptac¢i predatofi byli naopak
mobbovdni ¢asto a obranci se v jejich pfitomnosti pohybovali pfedevsim ve
vzduchu, malokdy po zemi (Sordahl 2009). Kleindorfer et al. (2005) zjistili,
Ze rakosnici tamaryskovi (Acrocephalus melanopogon), obecni (A.
scirpaceus) a velci (A. arundinaceus) pfizplsobuji své antipredacni chovani
tomu, zda jejich potomstvo ohroZuje pozemni (had, lasice hranostaj,
Mustela erminea), nebo vzdusny predator, motak (Circus aeruginosus),
pficemz velmi zaleZzelo také na tom, v jaké vzdalenosti (1 m nebo 5 m) se
tento predator nachazi. Ptaci s hnizdy nizko nad zemi je branili intenzivnéji
proti atrapam pozemnich predatord, zatimco ptéci s hnizdy vySe nad zemi
intenzivnéji mobbovali vycpaného motdka. Palleroni et al. (2005) otestovali



vliv velikosti predatora na antipredacni chovani domacich kurd (Gallus
gallus) pomoci tfi druhl Zivych dravcd — malého krahujce amerického (23
cm), stfedniho jestfaba Cooperova (Accipiter cooperii, 51 cm) a velkého
jesttaba lesniho (A. gentilis, 62 cm). Tito dravci maji stejné télesné
proporce, zbarveni a zplsob lovu. Velky dravec je hrozbou pro dospélce,
zatimco maly dravec predstavuje smrtelné riziko pro mladata. Dravci byli
cviceni, aby doletéli z ruky na strom a poté zpét na ruku. Testovany par
dospélych kur( s kuraty byl umistén do venkovniho vybéhu. Pfi preletu
malého dravce méli dospéli kufi nakréeny nebo vzpfimeny postoj
a sledovali jej, zatimco pfi preletu velkého se skrcili a ustupovali pryc.

Jako nejlepsi dikaz schopnosti ptak( rozlisit rdzné typy predatorl
poslouZila odliSnost varovnych hlasd, které kofist za pfitomnosti toho
kterého predatora vyddava, aby varovala mladata ¢i partnera (Magrath et
al. 2010). Intenzita hroziciho nebezpeé¢i muize byt vyjadiena bud
kvantitativni, nebo kvalitativni zménou pouZivanych hlast (Evans et al.
1993). Japonské sykory konadry (Parus major minor) reaguji rlznym
varovhym hlasem na atrapy vrany hrubozobé (Corvus macrorhynchos)
a uzovky japonské, Elaphe climacophora (Suzuki 2012). Variabilita
varovnych hlasl se odrdzi i vtom, jak na né reaguji mladata. Kleindorfer et
al. (1996) popisuji, jak mladata rakosnika tamaryskového reaguji riznym
zpUsobem na rGzné typy varovani rodic¢li. Pfed vzdusnym predatorem
zUstavaji skréend ve hnizdé, zatimco pfed pozemnim predatorem skacou
z hnizda ven. Podobné reaguji na dva akusticky odliSné varovné hlasy
rodi¢l i mladata sykory konadry japonské. Pfi varovani pred vranou
hrubozobou, ktera je miZe ohrozit venku, se kréi v hnizdni dutiné, zatimco
pfi varovani pred uZovkou japonskou, kterda muZe do hnizdni dutiny
proniknout, mladata dutinu opoustéji (Toshitaka 2011). Timalie (Turdoides
squamiceps) sice nema pro pozemni (kocka) avzdusné (sova) predatory
kvalitativné odlisné zvuky, ale dokaze je rozlisit prostym poctem opakovani
varovného “cvik”. Jednoduché provedeni nese informaci o pozemnim
predatorovi, zatimco vicenasobné opakovani kéduje vzdusného predatora
(Naguib et al. 2009). Také strizlik karolinsky vydava proti preletujicimu
dravci vice vysokofrekvencnich hlasli neZz k pozemnimu predatorovi
(Morton a Shalter 1977). U orebice rudé (Alecrotis rufa) je ¢etnost varovani
vzhledem k typu predatora presné opacnd — proti pozemnimu predatorovi



obsahuje hlas vétsi pocet slabik neZ proti vzdusnému a lisi se od sebe také
ve frekvenci (Binazzi et al. 2010).

Velmi sofistikovany je systém mobbingovych hlas( sykor ¢ernohlavych
(Poecile atricapillus), jenz umozZnuje vyjadfit mnoho podrobnosti
o nebezpecnosti predatora (Templeton et al. 2005). Tyto sykory disponuji
dvéma hlavnimi varovnymi hlasy, na které reaguji nejen konspecificti, ale
i mnozi heterokonspecificti pfijemci. Zatimco tiché “seet” vydavaji, kdyz
spatfi leticiho dravce, a pfijemci na néj reaguji unikem do krytu, hlasity
Sirokopdsmovy signal “chick-a-dee” slouzi k varovani pred sedicimi dravci Ci
sovami a pobizi pfijemce ke kolektivnimu mobbingu proti nim (Ficken et al.
1978; Smith 1991; Templeton a Greene 2007). “Chick-a-dee” je tvoren
slabikami, jejichZ vzajemny pomér a dlraz mlize byt modifikovan napftiklad
podle velikosti predatora. Kompozice jednotlivych slabik a jejich zastoupeni
zfejmé souvisi is pocitem strachu, ktery ptaci pocituji. Pokud se citi
ohrozeni, zvysuji podil prvnich slabik “chick” na ukor téch nasledujicich.
Protazeni posledni slabiky se naopak objevuje pfi mobbingu. Prostym
zvySenim poctu volani “chick-a-dee” je kédovana mira bezprostfednosti
hroziciho nebezpeci dand jeho vzdalenosti (Baker a Becker 2002).

Je ovSsem moziné, Ze ptaci nerozlisuji pfimo typ ¢i druh predatora, ale
ovliviluje je spiSe naléhavost nebezpeci a kontext, ve kterém se s nim
setkavaji (Evans et al. 1993; Leavesley a Magrath 2005; Binazzi et al. 2010).
Evans et al. (1993) zjistili, Ze varovani pred vzdusnym predatorem vydavaji
kufi domaci ina savce prezentované ve vzduchu a naopak, Ze varovani
pred pozemnim nebezpedim se objevovalo proti vzdusnym predatoriim
v Urovni zemé. Kleindorfer et al. (2005) popsali, Ze obrana hnizd tfi druhd
rakosnik( (r. tamaryskovy, r. obecny a r. velky) je silnéjsi u hnizd nizko nad
zemi. U vsech druhl se projevuje navic interakce mezi typem predatora
a vyskou hnizda.

Variabilita vaktivni obrané proti rliznym druhim
predatorti téhoz typu

Méné znamé uz jsou rozdily v reakcich kofisti na predatory téhoz typu, lisici
se jen detaily potravni ekologie, naptiklad preferovanou slozkou potravy.
Pri¢ina tkvi nejspiS vtom, Ze takové rozdily jsou vétSinou malé. Zrejmé
nejcastéji se projevuji v mife riskovani. Regelmann a Curio (1983) popsali,
Ze sykora konadra se pfi obrané hnizda pfiblizuje na rlznou vzdalenost ke
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krahujci obecnému, pustikovi obecnému (Strix aluco) a kuliskovi perlovému
(Glaucidium perlatum) v zavislosti na tom, zda se jedna o denniho di
no¢niho lovce a (v piipadé obou sov) zda preferuje savce ¢&i ptaky. Cejky
(Vanellus sp.) uplatiuji rGznou varovnou vokalizaci proti podobnym
vzdusnym predatordm, nebot varuji ¢astéji proti motakdm (Circus sp.) nez
proti orliim jasnohlasym, Haliaeetus vocifer (Walters 1990). Postolky
obecné utocily vice na jim zndmou vranu Sedou (Corvus cornix), nez na
neznamého krkavce velkého, Corvus corax (Csermely et al. 2006).
Pfesvédcivy experiment provedli Tvardikova a Fuchs (2011), kdyz
v zimnim obdobi nabidli volné Zijicim sykoram dvé identickd krmitka
nedaleko sebe ainstalovali u nich rlzné predatory. Sykory byly zvyklé
navstévovat obé krmitka, atak mohly volit misto podle aktudlni
bezpecnostni situace. Pokud byla k prvnimu krmitku instalovdna atrapa
postolky obecné nebo krahujce obecného adruhé bylo bez predatord,
sykory navstévovaly vyhradné druhé krmitko. V pfipadé, ze byla u prvniho
krmitka vystavena postolka a u druhého krahujec, bylo vice navstévovano
prvni krmitko. Sykory tedy vzdy volily ,bezpecnéjsi krmitko” a byly schopné
rozliSit dva podobné predatory, z nichz krahujce vnimali jako
Maly pocet praci testujicich schopnost ptak( rozlisit rlzné druhy
predator( téhoz typu nas prived| k zajmu o tuto problematiku. Nas vyzkum
zacal porovnanim reakce hnizdicich tuhyk( obecnych na pét vetfelcl
nachazejicich se vtésné blizkosti jejich hnizd: dva predatory dospélcl
(krahujce obecného a postolku obecnou), dva predatory hnizdniho obsahu
(sojku obecnou, Garrulus glandarius astraku obecnou, Pica pica)
a neskodnou kontrolu, holuba domaciho, Columba livia (Strnad et al.
2012). Tuhyci mobbovali tfi ze ¢tyi predatord (krahujce, postolku a sojku)
stejné intenzivné, lisila se vsak jejich ochota riskovat. Ta klesala od sojky,
pres postolku, po krahujce. Z toho je zfejmé, Ze tuhyci rozlisovali krahujce,
ktery je specializovanym lovcem drobnych pévcl (Opdam 1978; Kropil a
Sladek 1990; Zawadzka a Zawadzki 2001; Bujoczek a Ciach 2009), véetné
tuhykd obecnych (Glutz v. Blotzheim et al. 1971) od méné nebezpecné
postolky, ktera lovi predevsim malé savce (Korpimaeki 1986; Van Zyl 1994;
Salata-Pilacinska a Tryjanowski 1998). Oba druhy se pfitom lisi jen
zbarvenim — velikost i tvar téla, stejné jako pritomnost typickych dravcich
znakQ (napf. zahnuty zobdk), je totoznda (Cramp et al. 1994).



Nejprekvapivéjsim vysledkem vsak byl diametralni rozdil v reakci tuhykd na
dva ekologicky podobné predatory hnizd — sojku a straku. Zatimco sojka
byla intenzivné napadana, chovani vici strace bylo zcela pasivni. To je
zvlastni, nebot jak sojka, tak straka jsou vSeobecné znamé plenénim
ptacich hnizd (Groom 1993; Roos a Part 2004; Chiron a Julliard 2007).
Vysvétleni tohoto jevu se nabizelo troji. Bud tuhyci straku nepovazuji za
nebezpecnou a pasivita je tedy projevem nezajmu, nebo ji naopak povaZzuji
za velmi nebezpecnou a boji se ji, popfipadé jde o speciadlni strategii
vedenou snahou neupozorfiovat na existenci hnizda. Ta by mohla byt
ucinnéjsi nez mobbing, pokud by platil pfedpoklad, Ze straky jsou schopny
spojit si pfitomnost mobbujicich ptakl s pfitomnosti hnizda a pozdéji se do
mista stfetu nepozorované vracet.

Toto riziko experimentalné dolozili (Krama a Krams 2005), ktefi zjistili,
Ze varovné hlasy proti jednomu predatorovi mlze odposlechnout ijiny
predator, ktery je ndsledné schopen zamérit svou pozornost na misto
konfliktu. Autofi pracovali sumélymi hnizdy v budkach, v nichz byla
kfepelci vejce. U poloviny budek 1-2 hodiny pted zdpadem slunce tfikrat
prehrali nahravku varovné vokalizace lejska ¢ernohlavého. Tyto budky pak
byly v noci signifikantné castéji predovany kunou lesni (Martes martes).
Podobnym pokusem (Krams et al. 2007) ukazali, Ze hnizdni budky, u nichz
byla pfed soumrakem prehrdvana 15 minutova nahrdvka varovnych hlast
lejska cernohlavého, byly v noci kunou vypredovany castéji, nez budky,
u nichz byla nahrdvka prehravana jen 2 minuty.

Pokusili jsme se rozdily v chovani tuhyk vaéi strace a sojce objasnit
porovnanim reakci tuhyk( na dalsi krkavcovité (Némec a Fuchs 2014). Pro
tento experiment se nam podafilo sehnat vycpaniny viech nasich zastupcu
krkavcovitych, kromé kavky. Porovnavali jsme tedy reakce na sojku
obecnou, orfesnika (Nucifraga caryocatactes), havrana (Corvus frugilegus),
vranu (Corvus corone) a krkavce velkého. Tyto druhy se lisi velikosti svého
téla a podilem ptacich vajec a mladat ve svych jidelniccich. Sojka a ofesnik
jsou nejmensi, havran a vrana jsou stredni velikosti a krkavec je nejvétsi.
Sojka, vrana a krkavec jsou povaZzovani za bézné pleni¢e hnizd, zatimco
oresnik a havran nikoli. Jako neskodna kontrola slouzil opét holub domdci.
Malé druhy krkavcovitych (sojka a ofesnik) byly napadany signifikantné
intenzivnéji nez vétsi druhy (havran, vrana, krkavec) a neskodny holub.
Vsechny tfi vétsi krkavcoviti byli napaddni stejné vyjimecné jako holub.
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Tuhyci se soucasné priblizovali na mensi vzdalenost k men$im druhdm
krkavcovitych a k neSkodnému holubovi nez kvétsim druhim. Tyto
vysledky ukazaly, Ze tuhyci pfizplsobuji svou antipredacni strategii velikosti
predatora a nikoli mife specializace predatora na plenéni hnizd. Tuhyci
tedy zfejmé vazi svou schopnost zahnat vetielce avzdavaji nesmysinou
agresi proti velkému, neporazitelnému soupefi.

Tyto vysledky sice podporuji hypotézu, Ze absence aktivniho mobbingu
vic¢i nékterym krkavcovitym neni projevem nezajmu, nybrZ alternativni
antipredacni strategii. Jednoznaény dikaz vsak neposkytuji. Ten jsme se
pokusili pfinést v dalsSim experimentu (Syrova et al. in prep.). Do tésné
blizkosti hnizd tuhyka obecného jsme umistovali atrapu postolky obecné —
tuhykdm znamého vetrelce, kterého ze svého teritoria intenzivné vyhanéji
(Strnad et al. 2012). Do vzdalenosti 10 m jsme navic ve stejnou dobu
instalovali atrapu dalsiho vetrelce (straku obecnou, sojku obecnou, holuba
domaciho). Druhy vetrelec byl instalovan vzdy v takové poloze, aby , vidél”
postolku. PFi kontrole byla tuhykiim predloZena samotna postolka. Tuhyci
intenzivné utocili na postolku, pokud byla u hnizda samotna, nebo pokud
byl v povzdali holub. Pokud byla v povzdali nainstalovana sojka, tuhyci
napadali obé atrapy, pficemZ postolku stihali napadat témér stejné
intenzivné jako v predeslych dvou ptipadech. Pokud vsak byla v povzdali
instalovana straka, tuhyci vyznamné omezili Gtoky na postolku, ¢i od nich
Uplné upustili. Kvali vzdalenéjsimu nebezpedi tedy tuhyci upustili od
eliminace bezprostfedniho nebezpeéi. Ztoho vyvozujeme, Ze si tuhyk
dobfe uvédomuje situaci, kdy se ,straka diva“, a Ze tomu uzplsobuje své
chovani. Vysledky této prace zéroven jednoznacné dokazuji, ze tuhyci se
pred strakou snazi neupozoriovat na hnizdo, aby minimalizovali riziko, ze
straku svym chovanim upozorni na jeho pfitomnost a ona jej vypleni za
jejich nepfitomnosti.



Rozpoznavani a kategorizace predatorid ptaky

Vsechny dosud citované prace testovaly, zda jsou ptaci schopni rozlisit
rGzné predatory, ale nezabyvaly se tim, jak rozpoznavani konkrétnich typ(
¢&i druhG predator(i probihd. Ze jde pfitom o zajimavou problematiku,
ukazuji ivysledky nasi prace porovnavajici obranu vici rdznym druhlm
krkavcovitych (Némec a Fuchs 2014). Tuhyci v nasich experimentech
reagovali Utocné na oresnika, prestoZe je nanejvy$S pravdépodobné, Ze
s nim nemohou mit zkusSenost jako s predatorem potomstva ani dospélcu.
Vejce a mladata ptakd se v potravé oresnika objevuji jen vzacné (Hudec
1983) a utoky na dospélé ptaky isavce jsou zcela ojedinélé (Cramp et al.
1994). Oresnik se navic ani nepodoba ostatnim krkavcovitym. Neni

Problematikou rozpoznavani jinych Zivocichli, véetné predatorli, se
zabyvali jiz zakladatelé etologie. Nejvyznamnéjsi roli pfi rozpozndavacich
procesech prisuzovali obvykle tzv. “klicovym znaklm”. Z plvodniho
terminu “spousté¢ (Auschldser/releaser)”, ktery reprezentoval stimulus
vyvolavajici jakoukoli specifickou reakci (Lorenz 1937), odvodil Tinbergen
(1948) pojem “sign stimulus” oznacujici signal (¢ast téla ¢i chovani) vyslany
jednim zvifetem, ktery zplsobuje typické chovani udruhého zvirete.
Pozdéji byl uzivan pojem “key features” (Marr a Nishihara 1978; Bruner a
Austin 1986), nebo “salient features” (Schleidt et al. 2011). V Cestiné se pro
tyto napadné znak ujal termin “klicové podnéty” (Veselovsky 2005).

Zasadni role klicovych znak( pfi rozpoznavani predatord byla poprvé
prokazana v experimentech se siluetami dravcu. Pri nich byly porovnavany
reakce bélokura rousného (Lagopus lagopus) a kutat kura domdaciho (Gallus
gallus) na siluety ptakl rdznych tvard. Zasadni vliv na vyvolani antipredacni
reakce méla délka krku siluety. Pokud bylo siluetou pohybovano takovym
smérem, Ze byl tvofen dojem kratkého krku vpfedu a dlouhého ocasu
vzadu, vyvolavala u testované drlibeze Gtékové chovani. Pokud bylo touz
atrapou pohybovano v opaéném smeéru a jevila se tedy jako ptak s dlouhym
krkem a kratkym ocasem, antipredacni chovani se neobjevilo. Ostatni
potencialni znaky, tvary kfidel ¢i téla siluety, nemély na reakci testovanych
ptakd Zadny vliv (Goethe 1937; Kratzig 1940, Lorenz 1940 ex Tinbergen
1948).

Ve své revizi Lorenzovych a Tinbergenovych experiment( vsak Schleidt
et al. (2011) poznamendvaji, Ze Tinbergen alorenz napsali vic praci
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o ,kratkém kru“, ale kreslili vnich rGzné obrazky, které si navzajem
neodpovidaly — neni tedy zcela jasné, co kdy bylo pouZito. Lonrenz pak
podle nich navic za ,spoustéc” antipredacni reakce nepovazoval ani tak
Lkratky krk“, jako spiS ,pomalou relativni rychlost letu”. Prvni, kdo pouZil
model husa/sokol (podle sméru letu) byl podle Schleidt et al. (l.c.) Goethe
(1937).

V dalSich desetiletich studie stematikou klicovych znakl pfibyvaly
pomalu. Zfejmé nejobsahlejsi vyzkum na toto téma provedl (Curio 1975),
kdyZz testoval intenzitu varovné vokalizace (call-rate) lejskd cernohlavych
proti modifikovanym atrapam tuhyka obecného a kuliska nejmensiho
(Glaucidium passerinum). Nejprve byly prezentovany atrapy samce tuhyka
obecného s barevnymi Upravami ocni pdasky. Nejsilnéjsi varovnou reakci
vsak vyvoldvala ulejsk(i jen atrapa tuhyka v pfirozeném stavu. Kromé
atrapy s ¢ervenym ocnim prouzkem, ktera se od té kontrolni signifikantné
nelisila, zplsobovaly viechny ostatni testované zmény velmi vyrazny pokles
intenzity reakce (o¢ni prouzek zeleny, bily prouzek na ¢erné hlavé, cerny na
jednotné bilé hlavé, hlava bez prouzku a nakonec hlava bez prouzku a bez
oka). Dale byl testovan vliv kontrastu mezi o¢nim prouzkem a zbytkem
hlavy — bud’ byla ubirdna barva cerného prouzku, nebo naopak sycena
barva hlavy. Odebirdni sytosti prouzku nepusobi vreakci lejsk( vétsi
zmény. Teprve kdyz prouzek zcela splynul s podkladem, vymizela i reakce
lejskd. Ztmaveni hlavy naopak linearné zvysSovalo antipredacni reakci lejsk
az do chvile, kdy jiz byla cela ¢erna, to pak reakce lejskl poklesla. Dulezita
je také poloha ocni pdsky. Lejsci reagovali na atrapu, u niz byl o¢ni prouzek
posunut z ¢ela na tyl, dokonce o néco silnéji nez na kontrolni nezménénou
atrapu. Ostatni modifikace (paska pod krkem, na bfise, vertikdlné na
temeni) uz vyvolavaly jen velmi nepatrné reakce. Nasledné byly
prezentovany atrapy samce tuhyka s barevné upravenym télem. Lejsci vsak
reagovali silné pouze na kontrolni nezménény model. Kdyz byl z tuhyka
sejmut barevny vzor a na bilém téle byl ponechan jen ¢erny ocni prouzek,
reakce lejskd dramaticky poklesla. Zadnou reakci nevyvoldvala ani bila
atrapa bez ocniho prouzku astejné tak bez reakce zlstala ibila
¢tverhrannd tycka se stylizovanym jednim nebo dvéma ocnimi paskami,
postradajici vsak ptaci tvar téla.

Na atrapé kuliska testoval Curio (1975) vyznam odci. Na atrapu
s trojuhelnikovityma ocima reagovali lejsci témér stejné silné jako na



kontrolni nezménénou atrapu. Pokud chybélo jedno oko (bylo zakryto
petim), lejsci atrapu prakticky ignorovali. Kdyz vsak byly zakryty obé odi,
lejsci na atrapu opét reagovali, ale narust aktivity nebyl signifikantni. Autor
mirny narudst vysvétluje znovu navracenou symetrii a dodava, Ze tvar oci je
pravdépodobné méné dllezZity neZ jejich pocet.

Dalsi experimenty vyznam klicovych znak( v rGizné mire potvrdily. Nice a
Pelkwyk (1941) testovali reakci strnadce zpévného (Melospiza melodia) na
rzné modifikované kartonové modely pustika prouzkovaného (Strix varia).
Dosli k zavéru, Ze z celé atrapy pustika je sice hlava nejdlleZitéjsi, nicméné
pouha nepfitomnost oci strach z atrapy nesnizuje. Vyznam oci testoval také
(Scaife 1976), ktery pfi pokusech s kuraty zjistil, Ze stresovou reakci (Ustup
do bezpedi) vyvolavaji zluté dravéi odi, ato ipokud jsou umistény na
vycpaném kivim, kterého se kurata jinak neboji. Watve et al. (2002) zjistili,
Ze vlha vychodni (Merops orientalis) je schopna posoudit, zda se predator
,diva“. Je pro ni vyznamné, jaky uhel svira pohled oci ¢lovéka s prfimkou
vedouci kjejimu hnizdu, zatimco Uhel svirany mezi télem a hnizdem
vyznam nema. Podobné poznatky shromazdili Carter et al. (2008), kdyz
otestovali vliv pfimého pohledu clovéka na krmici se Spacky obecné
(Sturnus vulgaris). Pokud byl pohled ,lidského predatora“ odvraceny,
Spacci se vratili k hledani potravy a zkonzumovali ji vice v kratSim case.
Autofi podotykaji, Ze jedinec, ktery dokaze spravné vyhodnocovat takto
jemné detaily, jako je napfiklad smér pohledu predatora, ziskava
konkurenéni vyhodu nad konspecifickymi jedinci, ktefi to nedokazou.

Gill et al. (1997) otestovali klicovy vyznam zobdku. Pfipevnili na atrapu
vlhovce kravského (Molothurus cabanisii) zobak mladého Spacka obecného
ktery je, podobné jako zobak vlhovce, tmavy, avsak delsi a tenci. Lesnacek
Zluty reagoval mnohem silnéji na kontrolni atrapu s plvodnim zobakem.
Zobak ptitom hraje vyznamnou roli i pfi vybéru sexudlnich partner(. Burley
a Coopersmith (1987) zjistili, Ze samice zebfticky pestré (Taeniopygia
guttata) tihnou ksamcim sco nejcervengjsimi zobaky (uméle
pfibarvenymi), zatimco samci si vybiraji samice, jejichz zobak spada spise
doprostfed fenotypového ramce. Také Patton et al. (2010) dosli
v laboratornich podminkach k zavéru, Ze holubi pouZivaji zobak jako klicovy
znak pfi vybéru sexualniho partnera.

Castymi klicovymi znaky jsou ndpadné barevné prvky na ptac¢im téle.
Deppe et al. (2003) zjistili, Ze pokud byly na modelu kuliSka amerického
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(Glaucidium gnoma) pfitomny vzory ocnich skvrn, branici ptaci se k atrapé
neodvazovali pfibliZit tak jako k atrapé beze skvrn.

V poslednich letech byl opakované zkouman efekt podobnosti zbarveni
pefi hnizdniho parazita (kukacky obecné, Cuculus canorus) se
specializovanym predatorem dospélych pévcli (krahujcem obecnym). Lyon
a Gilbert (2013) pozorovali mobbing na kukacku u druhu, ktery kukacka
témér neparazituje (vlastovka obecnd, Hirundo rustica) nebo ktery ji viibec
nezna (mlynarik americky, Psaltriparus minimus). V obou ptipadech si ji
podle autort pletou s krahujcem (¢i jinym zastupcem rodu Accipiter). Liang
a Mgller (2014) pak Zzjistili, Ze vlastovky brani hnizdo proti kukacce
i krahujci vic v Dansku nez v Ciné, ziejmé proto, 7e v Dansku je krahujec
vysledky vysvétluji tak, ze v Ciné je vice hnizdnich parazitd aje tedy pro
obrance tézsi je rozeznat. Také Langmore et al. (2012) potvrzuji, Ze kukacku
se musi ptaci naudit rozpoznavat, nebot sykory (Parus major a Cyanistes
caeruleus), kukackou neparazitované, na ni reaguji podobné opatrné jako
na krahujce.

Nicméné, rakosnik obecny, druh, ktery je kukackou bézné parazitovan,
reagoval varovnymi hlasy na atrapu kukacky mnohem silnéji, nez na atrapu
krahujce nebo kontrolni ¢irky obecné (Anas crecca), ¢imz se potvrdilo, Ze
mezi nimi rozliSuje (Welbergen a Davies 2008). Na druhou stranu,
podobnost kukacky s krahujcem ji ma zfejmé opravdu chranit pred
napadenim ze strany hostitelskych ptak(. V dalsi studii bylo manipulovano
se zbarvenim pefi jednotlivych atrap a ukdzalo se, Ze rakosnici obecni si
troufaji priblizit na kratSi vzdalenost ke kukacce, kterd nema vinkovana
prsa, nez ke kukacce, ktera je vinkovana m4, ¢imz se vice podobd krahujci
(Welbergen a Davies 2011). Také kdyZ bylo vinkovani pfidano na kontrolni
atrapu hrdlicky zahradni (Streptopelia decaocto), pfriblizovali se kni
rakosnici méné, nez kdyz vinkovani neméla. Vinkovani vsak nevyvolava
antipredacéni chovani nepodminéné, nebot se neprojevil zadny rozdil v
priblizovani rakosnikd k vinkovanému ¢i  nevinkovanému krahujci
(Welbergen a Davies 2011). Autofi predpokladaji, rakosnici rozpoznavaji
krahujce nejspi$ podle typickych dravcich znakl pFitomnych na jeho téle.

Také Trnka a Prokop (2012) zjistili, Ze rakosnici velci sice napadaji
kukacku obecnou ikrahujce obecného s podobnou intenzitou, ovSem jen
tehdy, pokud jim byly obé atrapy prezentovdny postupné. Kdyz byly atrapy



obou vetrelcl prezentovany simultanné, kukacka pak byla napadana vice.
Autofi vysvétluji, Ze jednak kukacci mimikry nejsou dokonalé, a navic, Ze
rakosnici velci jsou diky svym télesnym dispozicim mimorddné agresivni
apfi obrané hnizda generalizuji nebezpecnost na vSechny vetielce.

V dalSich experimentech Trnka et al. (2012) zjistili, Ze pro rozpoznani
kukacky rakosnikem velkym maiji jeji zlutd duhovka a Zluty ocni krouzek
vétsi vyznam neZ vinkovani na bfiSe. Vysvétluji to tim, Ze potencidlni
hostitel hnizdniho parazita sleduje vétSinou shora. Navic autofi zminuji, ze
tentyZ podnét mize u nékteré populace rakosnik( vyvolat ito¢nou reakci a
u jiné populace naopak Uték, v zavislosti na tom, jakou zkuSenost maji dani
jedinci s prezentovanymi vetrelci. Trnka a Grim (2013) jesté srovnali reakci
rakosnika velkého na Sedou a hnédou formu kukacky, na krahujce a na
postolku. Rakosnici provedli vice naletl na Sedou formu kukacky neZ na
krahujce, z ¢ehoZ je zfejmé, Ze mezi nimi rozliSovali. NerozliSovali vSak
hnédou formu od postolky. Obé barevné formy kukacky nicméné poctem
provedenych naletd odliSili od kontrolni neskodné hrdlicky divoké
(Streptopelia turtur). Podle autor(l neni dynamika kukaé¢iho polymorfismu
ovlivnéna lokdlnim vyskytem predatord na lokalité, ale jde o kontra-
adaptaci kukacek k mareni adaptace hostitel( na odhaleni mimikry.

Ackoliv ptaci v kognitivnich Ulohdch preferuji spiSe lokalni znaky pred
globalnimi (Cavoto a Cook 2001; Troje a Aust 2013), jejich efekt
v rozpozndvacim procesu neni absolutni (Murphy et al. 2006). Napftiklad
Herrnstein a Loveland (1964) ukazali, Ze ptaci zvladaji nejen jednoduchou
kategoriadlni diskriminaci, ale umi se také ucit anasledné Siroce
generalizovat. Testovani holubi se naudili rozliSovat mezi fotografiemi
komplexnich realnych scén jen podle toho, zda na nich byla pfitomna lidska
bytost, ktera ovsem mohla mit velmi rozmanitou podobu. V ramci vyzkumu
rozpoznavani predatort pak Tvardikova a Fuchs (2010) prokazali, Ze se pfi
ném uplatnuji i slozitéjsi kognitivni procesy, jako je ,,amodal completion®.
Sykory v krmitkové experimentu reagovaly na torzo krahujce (horni
polovina téla — hlava a prsa s ¢astmi kfidel) odliSné v zavislosti na tom, zda
bylo umisténo odkryté na bidylku, nebo zda ,vyhlizelo”, ze smrkového
chvoiji. Prvé torzo nepovazovaly za plnohodnotného predatora, druhé vsak
ano. Ztoho plyne, Ze sykory vnimaji krahujce holisticky (tzn. ne jen jako
soubor jednotlivych znak(), ato ivsituaci, kdy je jeho ¢ast ukryta za
prekazkou.
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Obdobné jsou i zavéry Berankové et al. (2014). Naivnim sykordm koriadram
vystavovali atrapy krahujce obecného aholuba domaciho svzajemné
prohozenymi klicovymi znaky (oko azobdk). Vyména oci zbavila sykory
strachu z krahujce, ale nezpUsobila strach z holuba. V obou pfipadech se
vSak ochiméru sykory vice zajimaly. Vyména zobakl nezbavila sykory
strachu z krahujce, holub naopak zacal jisty strach vyvolavat, avsak nikoli
srovnatelny s nemodifikovanym krahujcem. Autofi vyvodili, Ze specifické
znaky krahujce (oko) jsou nezbytné pro jeho spravnou identifikaci, ale
obecné znaky dravce nikoliv. Zaroven plati, Ze specificky znak krahujce neni
sam o sobé dostate¢nym podnétem pro jeho rozpozndni, zatimco obecny
znak dravce ano (ovSem pro rozpoznani dravce, nikoliv krahujce). Obecné
Ize konstatovat, Ze sykory vnimaji klicové znaky nikoliv izolované, ale
v kontextu. Tyto vysledky jsou v souladu s poznatky zjiSténymi testovanim
trénovanych holub( v laboratornich experimentech, tedy Ze zéleZi nejen na
samotné pritomnosti klicovych znakd, ale také na jejich poloze a vzajemné
konstelaci (Wasserman et al. 1993; Kirkpatrick-Steger et al. 1996;
Watanabe 2001; Goto et al. 2011). Schleidt et al. (2011) navrhuji
neredukovat svét na ,Svét stimul(” (World of stimuli) a doporucuji misto
toho , Teorii svéta“ (Theory of world), kde se nesoustifedime jen na objekty
samotné, nybrZ na vSechno, co jakkoli vyc¢niva z pozadi (k tomu cituji
i Komenského Svét v obrazech).

VySe uvedené studie se zaméfily vyluéné na jednotlivé klicové znaky.
V nasi posledni studii (Némec et al. in prep.) jsme se rozhodli otestovat
soucasné vyznam potencialnich obecnych klicovych znak( dravce (zahnuty
zobak, silné drapy a oko s kosténym supraorbitdlnim hfebenem) a druhové
specifického zbarveni pefi pro rozpoznani postolky obecné — tuhykim
znamého ajimi intenzivné zahanéného predatora. Klicové dravéi znaky
zUstaly u prvni sady atrap (vyrobenych z plyse) nezménéné, dravci. U druhé
sady jsme je zaménili za holubi (oko bez supraorbitdlniho hiebene, tenci
rovny zobak, rGZové nohy bez drapl). Kazda sada obsahovala tfi barevné
modifikace atrap: normalné zbarvena, zjednodusena (zbavena cerného
skvrnéni a ostatnich cernych prvk( ve zbarveni) azcela odlisnd (pouZito
bylo ndapadné a pro stfedni Evropu zcela exotické zbarveni jihoasijského
lundkovce cerného (Aviceda leuphotes). Jako kontroly slouZily vycpaniny
postolky a holuba domaciho. Pokud byly na normalné zbarvené atrapé
postolky ponechany klicové znaky dravce (plvodni postoléi zobak, oko



a paraty), byla tato atrapa tuhyky povaZovana za postolku — tuhyci na ni
utocili stejné intenzivné jako na posStolku vycpanou. S o néco nizsi
intenzitou pak Uutocili na atrapu zjednoduSenou. Atrapu ve zbarveni
»Aviceda” s klicovymi znaky dravce napadali jiz jen minimalné. Naproti
tomu pokud byly klicové znaky nahrazeny holubimi, tuhyci nedtodili na
Zzadnou z atrap v jakémkoli barevném provedeni. Ani kdyZz zbarveni téla
zUstalo nezménéné postolci, tuhyci nejevili o atrapu zajem, a nevzrusené
béhem jeji pritomnosti krmili mladata. Klicové (lokalni) znaky se tedy pro
kategorizaci ukazaly jako velmi duleZité, prestoze tuhyci znaji zbarveni
postolky a na nezndmého dravce témér neltodi. Do pristich experiment(
vsak zatim z(stava nezodpovézeno, zda je za zafazeni atrap do kategorie
,neskodny druh” zodpovédna pouha nepritomnost klicovych znakl dravce,
nebo je nutna pritomnost klicovych znakd neskodného ptaka (holuba).

Atrapové experimenty

Antipredacni chovani je pro studium rozpoznavacich procesd na
netrénovanych ptéacich velmi vhodné, nebot hrozba predace predstavuje
pro testovana zvitata ekologicky relevantni problém (Shettleworth 1993;
Shettleworth 2010). Pfitomnost predatora Ci jiného nepfitele vytvari pro
testované zvife silnou motivaci, na kterou je nuceno, v zajmu zachovani
svého fitness, adekvatné reagovat (Tvardikova a Fuchs 2010; 2012). Aby
bylo moZné rozpoznavaci procesy detailné zkoumat, je nutné mit moznost
cilené modifikovat testované stimuly, v nasem pfipadé atrapy predatort
nebo jinych nepratelskych organismi. Pfirodni preparaty (vycpaniny Ci
mumie) jsou ovsem Spatné dostupné (zejména vzacnéjsi druhy) a lze je
modifikovat jen omezené. Gill et al. (1997), napftiklad, pfipevnili na mrazem
vysusenou mumii vlhovce kravského zobak Spacka obecného). Podobné
Upravy jsou ale limitované chatrnosti téchto preparatl (rozpadaji se)
a Spatnou barvitelnosti pefi.

Dobrou alternativou by proto bylo pouziti umélych atrap zjinych
materiall, jez by umozniovaly vyrobu rGznych modifikaci. Umélé atrapy
byly pti studiu antipredacniho chovani ptakd dosud vyuZivany spise zfidka,
protoZe vétSina praci studovala reakce na béiné se vyskytujici redlné
predatory, snadno dostupné v podobé vycpanin. Conover (1979) pouzil
plastovy model leticiho jestfaba lesniho, (Knight a Temple 1988) pracovali
s gumovym modelem vrany americké (Corvus brachyrhynchos) a Arroyo et
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al. (2001) poutzivali plastové modely vrany, respektive vyra. Siluetu dravce
vyrobenou z preklizky testoval Goth (2001), a také Hartley (1950). Curio
(1975) a Deppe et al. (2003) pouzivali direvéné modely. Kromé posledné
jmenované byly ve vSech vySe zminénych studiich umélé atrapy pouzity
v pokusech spolu s vycpaninami. Autofi vSak pripadny vliv materidlu na
vysledek pokusu vétSinou nezminuji. Pouze Curio (1975) predkladal
netrénovanym lejskim cernohlavym atrapy kuliska nejmensiho lisicich
se mimo jiné texturou povrchu. Lejsci reagovali pouze na nemodifikovanou
vycpaninu, zatimco dievény model v pfirozenych barvach reakci nevyvolal.
Ve vSech ostatnich studiich nicméné vyvolavaly umélé atrapy
u testovanych ptakd néjakou formu antipredacniho chovani, jako napriklad
zvySenou ostrazitost, ztuhnuti (freezing), Uprk, varovnou vokalizaci, ale
také utok na predatora. Zda se tedy, Ze pro ucely téchto experimentu
slouzily umélé modely dobre, jednoznaéné doklady pro to ale chybéji.

Vsechny umélé modely, uzité ve vySe zminénych studiich, mély shodné
kompaktni povrch, ktery se lisi od struktury, jakou vytvari obrysova pera na
pta¢im téle (a tedy ina vycpanindch a mumiich). Laboratorni studie
s trénovanymi holuby pritom ukazaly, Ze pritomnost geometrické textury
pomahda krychlému rozliSeni objektd od pozadi (Cook 1992a; 1992b).
Holubi byli také schopni vyuZit texturu pro kategorizaci pfirozenych objekt(
(Troje et al. 1999; Nicholls et al. 2011) ¢i odhalit jen pfitomnost lidské
pokozky (Aust a Huber 2010) na digitadlnich fotografiich. Ztéchto
experimentl vSak jednoznacné nevyplyva, Ze je struktura povrchu dilezita
také prirozpoznavani redlnych, ekologicky relevantnich stimuld
netrénovanymi ptaky. Struktura povrchu by pfitom vtomto pfipadé
nemusela byt tolik vyznamna, pokud by platil pfedpoklad, Ze rozhodujici
roli hraji klicové znaky. Opakované prokazan byl vyznam oci , zobdku
(Scaife 1976; Burley a Coopersmith 1987; Gill et al. 1997) a barevnych
vzorl na téle (Davies a Welbergen 2008; Pincemy et al. 2009; Welbergen a
Davies 2011) pro rozpoznavani predator( (Scaife 1976; Watve et al. 2002;
Davies a Welbergen 2008; Berankova et al. 2014), hnizdnich parazita (Gill
et al. 1997; Welbergen a Davies 2011; Trnka et al. 2012) i sexudlnich
partnerl (Burley a Coopersmith 1987; Pincemy et al. 2009). Pokud byly
tyto znaky ze stimuld odstranény, testovani netrénovani ptaci je uz nebyli
schopni rozpoznat, nebo reagovali signifikantné slabéji.



Bylo by proto uZite¢né najit mez vérohodnosti, pfi které jesté umély model
funguje jako skutecny Zivolich akdy uZz je pfiliS zjednoduseny. Takové
znalosti by pomohly designovat experimenty sumélymi modely
a interpretovat jejich vysledky. PFi experimentech, vkterych mohou
testovani ptaci na atrapu utocit, je zaroven potieba hledét na tvrdost
material, ze kterych je atrapa predatora vyrobena. Bolestivy naraz do
tvrdého modelu by zapficinil klesajici ochotu ptakl nalety provadét a navic
by hrozilo ijejich vazné zranéni. Rozhodli jsme se proto srovnat reakci
hnizdicich tuhyk( na tfi typy atrap bézného stfedoevropského predatora
hnizd, sojku obecnou (Némec et al. 2015). PoutZili jsme vycpanou, plySovou
a silikonovou atrapu, jez mély klesajici Uroven podobnosti s Zivym ptakem.
Vsechny sice sdilely potencidlni vyznamné znaky Zivé sojky (silny zobak,
modrocerné krovky, ¢erny vous, cernobilé sekundarni letky a modré oci),
ale mély rlzny povrch. Vycpana atrapa byla pokryta pefim, plySova byla
jemné chlupatd asilikonova atrapa hladkd aleskla. Tuhyci branili sva
hnizda pred vSemi tfemi atrapami. OvSem rozdily vintenzité obrany
vyznamné klesaly od vycpané, pres plySovou po silikonovou atrapu.
Silikonova atrapa byla navic napadana jen tehdy, pokud nebyla v sérii
pokusll zafazena jako prvni. Pokud netrénovani tuhyci nevidéli nejprve
vérohodnéjsi vycpanou nebo plySovou atrapu, silikonovou atrapu
ignorovali avénovali se péci omladata. Proto usuzujeme, Ze pouze
vycpanou ¢i plySovou atrapu kategorizuji tuhyci jako skute¢nou sojku, a ze
struktura povrchu atrapy ma tedy na reakci testovanych ptaka velky vliv.
Nezbytnost prezentace pfesnéjSiho vzoru pro rozpoznani méné presného
pfipomind proces primingu, ktery je znam predevsim z lidské psychologie
(pro review viz Wasserman a Zentall 2009). Priming usnadriuje rozpoznani
jiz jednou vidéného atreba idegradovaného podnétu po delSi dobé
(Tulving a Schacter 1990). Nase studie je prvni, kterd jej identifikovala pfi
terénnich experimentech na netrénovanych ptacich.
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Shrnuti

V nasi prvni praci (Strnad et al. 2012) jsme porovnali reakci hnizdicich
tuhykd obecnych na vice ptacich predator( a dospéli k zavéru, Ze tuhyci
prizpUsobuji své antipredacni chovani tomu, jak je prezentovany predator
nebezpecény jim samotnym a nikoli jak nebezpecny je jejich mladatim.
Navic se objevil necekany fenomén absolutni pasivity vici strace.

Vdruhé praci (Némec a Fuchs 2014) jsme proto porovnali reakci
hnizdicich tuhykl na rdGzné krkavcovité ptaky a zjistili, Ze malé druhy
krkavcovitych jsou napadany intenzivnéji nez vétsi druhy, a Zze od vétsich
druh@ udrzuji obranci del$i vzdalenost ne? od ne$kodného holuba. Tuhyci
tedy vazi svou schopnost zahnat vetrelce a nepousti se do nesmysiné
agrese proti neporazitelnému soupefi.

Tyto vysledky sice podpofily hypotézu, Ze absence aktivhiho mobbingu
vici nékterym krkavcovitym neni projevem nezajmu, nybrz alternativni
antipredacni strategii, jednoznacny dikaz vSak poskytuje aZ naSe zatim
posledni prace (Syrova et al. in prep.). V ni vyslo najevo, Ze si tuhyci dobfe
uvédomuiji situaci kdy se ,straka diva“, a vyhybaiji se riziku prozrazeni svého
hnizda i v situaci, kdy jejich hnizdo bezprostfedné ohrozuje jiny predator.

Posléze jsme se zacali zabyvat moZnosti vyuziti umélych atrap
v atrapovych experimentech (Némec et al. 2014) a zjistili, Ze struktura
jejich povrchu hraje daleZitou roli v jejich rozpoznatelnosti, a Ze je mozné
pouZzit plySové atrapy jako ndhradu za tradi¢ni vycpané. Zaznamenali jsme
efekt primingu, kdy nejméné vérohodnd atrapa byla rozpoznana pouze
v pfipadé, Ze obranci jiz méli pfedchozi zkuSenost s néjakou vérohodnéjsi.

Nakonec jsme zjistili (Némec et al. in prep.), Ze pro spravné rozpoznani
predatora je absolutné nezbytna pritomnost obecnych klicovych znaki
dravce a bez jejich pritomnosti je druhové specifické zbarveni zndmého
predatora nedostatecnym podnétem kvyvolani antipredacni reakce u
testovanych ptakd.
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We studied the ability to adjust nest defence to the potential threat to
defending adults and their nests in the Red-backed Shrike. We
presented mounts of two raptor species which predate 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 sparrowhawk, 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 frequency to the level of threat
to the nest. The proportion of mobbing events with physical contact
(mobbing hazardousness) declined from the most mobbed jay to the
kestrel, and to the sparrowhawk, which was considered most
dangerous. Apparently the Red-backed shrikes adjusted the mobbing
hazardousness by assessing the potential threat to themselves. Our
results show the importance of a differentiation between mobbing
hazardousness and mobbing frequency in the study of nest-defence
behaviour.
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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
usually more intense during the breeding season (Shedd 1982; Pavel 2005)
when this behaviour is used to avoid nest predation (Biermann and
Robertson 1981). Predator mobbing is also connected to various trade offs.
Mobbing may force the predator 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
conspicuous, and if the predator is not aware of the presence of the nest,
the defence behaviour may draw attention to it, or even attract other
predators (Krama and Krams 2005; Krams et al. 2007).

Like other forms of parental investment, predator mobbing is both time
and energy consuming (Collias and Collias 1978; Dale et al. 1996;
Scheuerlein et al. 2001); thus, the defending birds should adjust the
mobbing behaviour 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 mobbing behaviour is
positively correlated with the value of the offspring (see Lima 2009 for a
review). 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 higher threat to the nest, while
raptors often threaten the defending parents.

The responses of defending birds toward different predator guilds have
been studied in several contexts, such as nest vs. adult predators (Knight
and Temple 1986a; Sordahl 1990; Duckworth 1991; Jacobsen and Ugelvik
1992; Dale et al. 1996; Arroyo et al. 2001; Amat and Masero 2004; Hogstad
2005), owls vs. birds of prey (Arroyo et al. 2001), terrestrial vs. aerial
predators (Sordahl 1990; Bures and Pavel 2003; Kleindorfer et al. 2005;
Hogstad 2005) and predators vs. parasites (Duckworth 1991; Welbergen
and Davies 2011; Trnka and Prokop 2012). Nevertheless, the
dangerousness of predators may differ significantly even within a specific



guild: for example, a bird-capturing raptor represents a bigger threat for
defending birds (and potentially for fledglings) than does a small mammal-
catching raptor. In order for the defending birds to adequately respond to
these predators, they should have the ability to discriminate particular
predator species, not only groups of predators. This ability has not been
tested in the above-mentioned studies, however. Comparisons of more
than one species within one predator group are scarce (Curio et 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 degree of threat to defending birds and/or their nestlings, which
allows us testing the ability of a defending bird to discriminate particular
predator species. We examined the nest-defence behaviour in a 30-g
passerine, the red-backed shrike (Lanius collurio), a good experimental
model species with which to study defence behaviour, as it vigorously
defends its nest even against humans (Gotzman 1967; Tryjanowski and
Gotfawski 2004).

We investigated variation in nest defence by using mounted individuals
of four avian predators that differ in the degree of their potential threat
either to the nest content or to the defending parents. We used the
Eurasian sparrowhawk (Accipiter nisus) and the common kestrel (Falco
tinnunculus), both of which have the ability to prey upon both adults and
fledglings, and which usually do not prey upon nestlings (see below). Note,
however, that some raptors at least occasionally prey on nests of Red-
backed shrikes (Lefranc 1993). The risk of the two raptor species toward
the nest-defending red-backed shrike differs significantly. The
sparrowhawk is specialized on small birds (Opdam 1978; Simeonov 1984;
Frimer 1989; Kropil and Sladek 1990; Zawadzka and Zawadzki 2001;
Bujoczek and Ciach 2009), including the red-backed shrike (Glutz von
Blotzheim et al. 1971), while the kestrel primarily feeds on small mammals
and is less likely to prey on birds (Korpimaeki 1986; Van Zyl 1994; Salata-
Pilacinska and Tryjanowski 1998). We further tested two specialized nest-
content (eggs, nestlings) predators: the common magpie (Pica pica) and
the Eurasian jay (Garrulus glandarius). The magpie is more often
mentioned than the jay as a nest predator of various bird species (Groom
1993; Chiron and Julliard 2007), including the red-backed shrike (Roos and
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Part 2004). 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 to the threat to the nest content. The frequency
should be lower towards raptors than towards the two corvids, and within
corvids, jay should be mobbed less than magpie. (2) The hazardousness of
mobbing behaviour is adjusted to the threat to the defending birds. The
highest hazardousness of mobbing behaviour should occur as jay > magpie
> kestrel > sparrowhawk.

2. Material and methods
2.1. Study site, and the focal species

The experiments were conducted around the village 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 habitats 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 incubates, and lays 3-7 eggs during 14 days, while the
male feeds her. Nestlings are subsequently provisioned by both parents for
approximately 14 days after hatching (Lefranc and Worfolk 1997). The red-
backed shrike is 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 breeding 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 presumably the main predator of
adults (Lefranc and Worfolk 1997). All of the tested species are roughly
equally abundant at our experimental localities (Stastny et al. 2006). -
During 2002-2004, we conducted 90 single trials on 18 nests (36
individuals).



2.2. Experimental design

All experiments were conducted at nests containing nestlings from 5 to 10
days old, so we expected both parents to show nest defence because their
probability to obtain successful offspring and existing investment to the
nest was significantly higher than in previous stages of development
(McLean and Rhodes 1991; Halupka 1999; Rytkdnen 2002). We presented
mounted individuals of two predators of adult birds (sparrowhawk and
kestrel), two predators of nest content (jay and magpie) and one non-
threatening control species (feral pigeon), all of which were in the upright
posture with their wings folded. In sparrowhawk, the presented dummies
were females because in this species a significant sexual size dimorphism
occurs, suggesting a distinct foraging niche (Overskaug et al. 2000).
Together, we used three mounted specimens of kestrel, two
sparrowhawks, two magpies, five jays and two pigeons. Of these, the jays
suffered most by attacks of shrikes. All used dummies were without
aberrance and were new-made by the same taxidermist. 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 randomized 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 terminated and included into the data set with a
reaction value of zero. The minimum time interval until the presentation of
the next dummy was one hour. To check for the habituation or positive
reinforcement, which may affect the defence behaviour significantly
(Knight and 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 light wind.

Two types of behaviour were included in the statistical analyses: (1)
Mobbing frequency, i.e., the total number of mobbing events (the bird flies
over the mount, decreases the flight altitude, and sometimes strikes the
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mount) accomplished by a tested bird during a 20-min trial; and (2)
Mobbing hazardousness, i.e., the occurrence of mobbing events with
physical contact (the bird hits the mount during the mobbing event, usually
with its bill).

2.3. Statistical analyses

A positive correlation in the mobbing frequency was found between males
and females of the same 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 factor.

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 dummies (within the tested pair and
within the particular experimental day). Other explanatory variables, such
as year, experimental location or dummy individual, could not be added as
the model would have run out of degrees of freedom. Nevertheless, 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 hazardousness. 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
hazardousness. 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 mobbing events upon magpie
and pigeon were 6 and 15, respectively, which does not allow for a
balanced design.



GLMMs were used in order to include the random effect of the pair, by
applying glmmPQL in R 2.12.1 (www.r-project.org). As the analysis output
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 comparisons of these
variables. Therefore, results of pair-wise comparisons within a multiple-
value explanatory variable (dummy type) are summarized in tables (using t
tests as a criterion) and for possible interactions between tested variables,
both interacting variables are listed. As pair-wise comparisons within a
given model has specific vector orientations, the values of the test criterion
(t) may acquire positive and negative values, depending on 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 multiple probabilities. For
more details of GLMM, see Zuur et al. (2009).

3. Results
3.1. Mobbing frequency

The age of nestlings (t = 1.18, df = 16, p = 0.2554) and the order of
presentation of particular dummies (t = 1.10, df = 156, p = 0.2726) had no
significant 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 sparrowhawk, 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 hazardousness

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

Both the mount type and sex of shrike significantly 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
risked more during the mobbing behaviour than did females (t = -3.08, df =
2292, p >0.01; Fig. 2) but this difference was significant only in
sparrowhawk and kestrel (Table 4, Fig. 4).

160 T
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Sparrowhawk Kestrel Jay Magpie Pigeon

Mount type

Fig. 1 Numbers of all mobbing events performed by particular shrike pairs
towards particular mount types during a 20 minutes lasting trial.



Table 1 — Mobbing frequency - comparisons of the total number of
mobbing events performed by shrikes to particular mounts. The lower left
part of the table refers to t values; the right upper part refers to p values.
The significant differences are shown in bold. Bonferroni adjustment has
been used to asses the level of significance as the results of four various
generalized linear mixed models (with different baselines) has been
combined (critical p level = 0.05/3).

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

Table 2 — Mobbing frequency in males and females towards various mounts
(interaction mount type and sex of shrike) - comparisons of the total
number of mobbing events performed by males and females to particular
couples of mounts. Bonferroni adjustment has been used to asses the level
of significance because results of three various generalized linear mixed
models (with different baselines) has been combined (critical p level =
0.05/2).

Comparison t-value DF p-value
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
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Table 3 — Mobbing hazardousness - comparisons of the proportion of
mobbing events with physical contact performed by shrikes to particular
mounts. The lower left part of the table refers to t values; the right upper
part refers to p values. The significant differences are shown in bold.
Bonferroni adjustment has been used to asses the level of significance
because results of three various generalized linear mixed models (with
different baselines) has been combined (critical p level = 0.05/2).

‘ jay kestrel sparrowhawk
jay >>0.01 >>0.01
kestrel 6.02 >>0.01
sparrowhawk 8.77 4.68

Table 4 — Mobbing hazardousness in males and females towards various
mounts (interaction mount type and sex of shrike) - comparisons of the
proportion of mobbing events with and without physical contact performed
by males and females to particular couples of mounts. The significant
differences are shown in bold. Bonferroni adjustment has been used to
asses the level of significance because results of three various generalized
linear mixed models (with different baselines) has been combined (critical p
level = 0.05/2).

Comparison ‘ t-value DF p-value
Male/Female x jay/kestrel 2.79 2292 0.01
Male/Female x jay/sparrowhawk 2.46 2292 0.01
Male/Female x kestrel/Sparowhawk 0.36 2292 0.72

Fig. 2 Proportions of attacks with (black
part of the column) and without (white
part of the column) physical contact
performed towards particular mount
types. Number under each column
represents the number of included birds
out of total 36. Only dummies regularly
attacked were included (without
magpie and pigeon). Numbers of all
attacks: sparrowhawk 419, kestrel
1316, jay 643.

%

n=21 n=25 n=26
mount type



male female

sex

Fig. 3 Proportions of attacks with
(black part of the column) and
without (white part of the
column) physical contact
performed by both sexes towards
all presented mount types
together. ). Numbers of all
attacks: males 1411, females
872.

mount type

Fig. 4 Proportions of attacks with (black
part of the column) and without (white
part of the column) physical contact
performed by both sexes towards
particular mount types. Number under
sex (M — male, F - female) represents
the number of included birds out of
total 18. Only dummies regularly
attacked were included (without
magpie and pigeon). Numbers of all
attacks: sparrowhawk M 297,
sparrowhawk F 131, kestrel M 828,
kestrel F 495, jay M 287, jay F 264.
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4. Discussion

We did not find clear evidence for the hypothesis that the frequency of
mobbing behaviour would be adjusted to the threat to the nest content.
While the jay was mobbed equally often as both raptors, the magpie was
mobbed at a rate equal to the control pigeon. Thus, nest predators were
not categorically mobbed more often than predators of adult birds. red-
backed shrikes primarily have to decide whether to use mobbing in nest
defence or not. The main criterion affecting this decision may not be the
threat to nest content, as shown by the quite different responses to
magpie and jay. If birds decide to use mobbing of the predator, the
frequency of this behaviour appears more or less equal toward various
predators. This may reflect the fact that a common objective of mobbing is
to chase any predator away, which demands comparable costs and brings
about equal benefits (see Dale et al. 1996).

Our second hypothesis — that the riskiness of mobbing behaviour
(mobbing hazardousness) would be adjusted to the threat to the defending
birds - received some support. The mobbing hazardousness - in terms of
occurrence of mobbing events with physical contact - upon the three
regularly-mobbed predators, steeply decreased from jay through kestrel
and sparrowhawk. This suggests that the shrikes have an ability to
discriminate not only corvids from raptors, but also particular species
within raptors, and to assess their potential risk.

Studies on 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 and Ugelvik 1992; Dale et
al. 1996; Amat and Masero 2004; Hogstad 2005). The weaker mobbing of
predators of adult birds has been interpreted as being both the result of a
lower threat to eggs or nestlings (Dale et al. 1996) and of a greater threat
to adults (Hogstad 2005). Our results agree with the above-listed studies in
terms of hazardousness of mobbing. In most of these studies, the
measured behavioural 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 predator rather than an effort to chase it away. Our results



thus do not contradict with the other works, but this comparison shows
the importance of a differentiation between mobbing hazardousness and
mobbing frequency.

Only a few studies have tested several predators of adult birds with
varying levels of threat. Curio et al. (1983) presented three species of
raptors to Great Tits (Parus major) and found that their responses changed
according to the potential threat of the raptor against themselves.
Conversely, Kleindorfer et al. (2005) showed that Acrocephalus warblers
responded to predators according to the threat to the nest. This
contradiction can be explained by our results in that, besides the level of
the risk to adults or nest content, the mobbing behaviour 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 defending birds, as in our shrikes. Kleindorfer et al.
(2005) measured a complex reaction score of response comprising the
distance from the mount, latency of response and alarm calls. Alarm calls
were usually addressed to nestlings (Serra and Fernandez 2010), which is
why this behaviour was affected mainly by the potential threat of a
presented predator to the nest.

We are puzzled by the apparent lack of willingness of the red-backed
shrikes to mob the magpie, in contrast to the frequent mobbing events
upon the jay. The former represents a similar if not bigger threat to the
nest, compared to the jay (Chiron and Julliard 2007). The magpie is larger
and more frequently preys upon adult birds than the jay (Tatner 1983;
Cramp et al. 1994), 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 and Fuchs 2006).
Nevertheless, the reaction of the shrikes to the extremely dangerous
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 sparrowhawk and the magpie. If the former appears in
the vicinity of a shrike’s nest by chance and is suddenly attacked by
aggressive parents, it flies away. The magpie — which often systematically
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plunders birds’ nests (Chiron and Julliard 2007) - may well have a priori
experience on mobbing. Therefore, it may become suspicious and start to
search the area after a mobbing event, an indirect signal of the nest's
proximity. The effort not to disclose the location of the nest might
represent an optimal antipredatory behaviour in such cases. Experimental
studies have shown high conspicuousness of the mobbing behaviour and
its effect on the probability of nest survival (Krama and Krams 2005; Krams
et al. 2007), so the zero activity in the presence of a magpie, demonstrated
here, may reflect an increased parents’ fitness. This trade-off was
understood also by Hogstad (2005) who found that Fieldfares (Turdus
pilaris) ended chasing stoats (Mustela erminea) from their nests as it might
have returned and plundered the nests when the parents were away.

Nevertheless, such an explanation assumes that the magpie is a more
skilled and/or specialized nest predator than the jay, which was frequently
mobbed by shrikes. No studies have compared the effect of the share of
jays and magpies on nest predation; nevertheless, eggs and nestlings are
more common in the diet of the latter (Cramp et al. 1994). Moreover, the
magpie was found to be an extremely dangerous nest predator in an urban
environment, being responsible for the population decline of various
passerines, such as the blackbird (Groom 1993). Similar evidence does not
exist for the jay.

Our experiment suggested no sex-related difference in the mobbing
frequency, which contradicts with other studies showing higher male
activity in nest defence (see Lima 2009 for a review). This pattern is
common in species where the male provides food not only for nestlings but
also for the incubating female, which is the case in the red-backed shrike
(Lefranc and Worfolk 1997). However, in our study, we observed a sex-
specific response 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
intensity as the female (Lefranc and Worfolk 1997). This contradiction may
be explained by the strong correlation in the mobbing frequency between
male and female, possibly caused by stimulation of the less active partner
by the more active one. Such a correlation has been shown rarely and only
in birds with vigorous nest defence (Hogstad 2005). The aim of the
mobbing shown by shrikes — to chase the predator away — can be more



easily achieved when both partners are active, even more so if the
mobbing is aimed at warning either the younglings or the predator.

The mobbing hazardousness differed between males and females:
males used to risk more than females, but only in case of predators of
adult birds, suggesting the importance of a differentiation between
mobbing hazardousness and mobbing frequency. Higher risk-taking by
males can also be explained by the generally higher aggression of males,
possibly caused by higher levels of testosterone (Wacker et al. 2009).
However, Montgomerie and Weatherhead (1988)Montgomerie and
Weatherhead (1988) proposed different allocation of energy in sexes with
different ability to raise the offspring unaided, which is the case of red-
backed shrikes (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 and Worfolk 1997), which
may more often cause a furtive behaviour and therefore lower activity
during the nest defence.
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Selostus

Pikkulepinkdinen saatelee hdairinndn voimakkuutta muttei siihen
panostettua aikaa arvioimalla saalistajan itseensa kohdistamaa uhkaa.
Tutkimme pikkulepinkdisen (Lanius collurio) kykya saadellad aikuisten ja
pesan puolustustaan. Kdaytimme pesien vierelle tuotuja, taytettyja, aikuisia
lintuja saalistavia petolintu- (varpus- ja tuulihaukka) sekd pesia ryostavia
varislintu- (harakka ja narhi) ja yhtd kontrollilintulajia (kesykyyhky).
Pikkulepinkdiset hatistivat sdannollisesti varpus- ja tuulihaukkaa seka
narhed, mutteivat harakkaa tai kesykyyhkya. Hatistelyyn kaytetty aika
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(hatistelykertoja/20 min) ei vaihdellut mainittujen hatisteltyjen lajien
valilla. Jos taas lepinkaiset yrittivat hatistaa saalistajan pois, voimakkuuteen
ei vaikuttanut itse pesaan kohdistuva potentiaalinen uhka (suurempi varis-
kuin petolinnuilla). Pdinvastoin fyysisen kontaktin sisdltdvien hatistely-
yrityksien osuus vaheni narhesta ja tuulihaukasta varpushaukkaan, vaikka
viime mainittua voidaan pitdd vaarallisimpana. lImeisesti pikkulepinkaiset
saatelivat hatistelyn voimakkuutta arvioimalla itseensd kohdistunutta
uhkaa. Tuloksemme kertovat hatistelyn voimakkuuden ja ajallisen
panostuksen erottamisen merkityksesta pesapuolustuksen tutkimuksessa.
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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, the raven being the
largest corvid of all. The jay, crow, and raven are habitual nest
plunderers, 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
significantly 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.

Key words: red-backed shrike; Lanius collurio; nest defense strategy;
antipredation behavior; corvids
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Introduction

Although corvids are not specialized predators, but mainly generalized
omnivores (Lockie 1956; Holyoak 1968), many studies describe heavy
predation pressure on avian nest content caused by them (Robert and
Kenneth 1972; Andrén 1992; Groom 1993; Soderstrom et al. 1998;
Schaefer 2004; Eggers et al. 2005; Bolton et al. 2007; Stevens et al. 2008;
Weidinger 2009). The defense of nests against corvids has thus been
investigated in many experimental studies (see Caro 2005 for review). Of
the European corvids, the crow — Corvus corone (Roell and Bossema 1982;
Buitron 1983; Siderius 1993; Hogstad 2004), jay — Garrulus glandarius
(Gottfried 1979; Forschler 2002; Olendorf and Robinson 2008), raven —
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
(Corvus 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
(McLean et al. 1986; Knight and Temple 1988; Hatch 1997; Forschler 2002;
D’Orazio and Neudorf 2008), 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;
Siderius 1993; Hogstad 2004; Olendorf and Robinson 2008; Krystofkova et
al. 2011). 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 sparrowhawk, 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: 1) Shrikes 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. Recently, 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. 2) Shrikes are
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. Shrikes may
try to keep the nest unknown to magpies because they are unable to chase
them away.

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 nutcracker, 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 hypotheses:
Shrikes will use active defense against: 1) small corvids only (the jay and
nutcracker); 2) all corvids, which are dangerous for nestlings only (the jay,
crow, and raven); 3) the small corvid, which is dangerous for nestlings only
(the jay).

Methods
Study area

The study took place in the Doupovské hory 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 border of the Hradisté
military area (50°10’N, 13°9’E). The prevalent landscape is that of farmland
(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).
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Study species

The red-backed shrike (Lanius collurio) 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 nest quite vigorously, via physical
attacks (Tryjanowski and Golawski 2004, Strnad et al. 2012).

Five corvid species differing in size as well as in threat to nest content
were used as intruders in our experiment. The jay (170.3 g) and nutcracker
(164.8 g) are the smallest of the five, the rook (560 g) and crow (515 g) are
middle-sized, the raven (1330g) being the largest corvid of all (all
mentioned weights refer to the average male, Hudec 1983). 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 plunderers (Henze 1979; Ewins 1991; Andrén
1992; Bayne and Hobson 1997; Schaefer 2004; Zduniak 2006; Bolton et al.
2007; Stevens et al. 2008; 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 non-threatening control species (the
pigeon). From 2005 through 2007, we examined 25 nests containing
nestlings aged between 5 to 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 acloth to prevent early responses. All dummies used were
without aberrance 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 one hour.
Each trial (the presentation of one dummy) lasted 20 minutes from the
appearance of at least one parent. If the parents did not appear within



20 minutes, the trial was terminated and included into the data set as a
zero response. The shrikes’ response was recorded on a DV Camera placed
on a tripod c. 50 m from the nest to exclude its effects upon the birds’
behavior. All experiments took place between 10:00 a.m. and 18:00 p.m.
CEST, 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. The behavior
of females and males were analyzed 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 between males and females within the pairs by Pearson’s
correlation coefficient. Since we found a strong correlation between mates
within a pair (r=0.826, t =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.

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 position 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 ‘pigeon’)

58



59

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 2783 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 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. 2010).



Results

The number of attacks

Twenty of twenty-five tested shrike pairs attacked at least one of the
tested intruders. Only the intruder species (LME ANOVA: Fs,6, = 32.028,
p << 0.001) significantly influenced the number of attacks executed against
the presented dummy. The order of dummies (LME ANOVA: Fs ¢, = 1.458,
p = 0.204), the sex of the parent (LME ANOVA: F; 5, = 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 HSD post hoc test and pertain to Fig 1.
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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 represents 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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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,7s5, = 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). Moreover, 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
HSD post hoc test and pertain to Fig 2.
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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=2783). 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



Discussion

The tested shrikes attacked only the jay and nutcracker regularly. 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 where shrikes attacked
even raptors, including the most dangerous middle European predator of
small adult passerines — the sparrowhawk (Strnad et al. 2012). 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 strategy used to
keep the nest unnoticed if a pair is unable to expel the intruder by force.
All non-attacked corvids, including the magpie from previous study,
(average male weight 208.6g — 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 aggression against a large undefeatable intruder may be
counterproductive, 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).

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
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—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 presented on an overhead video monitor. Big silhouettes elicited
more alarm calls than small ones. The magnitude of non-vocal responses
also increased significantly with stimulus size — small silhouettes elicited
visual fixation by the fowl, big silhouettes elicited crouching. Klump and
Curio (1983) passed large and small models of the sparrowhawk (Accipiter
nisus) over the blue tit (Cyanistes caeruleus). A life-size model inhibited
locomotion 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
pigmy 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 studies investigated responses towards the
predators of adult birds. Tested individuals responded with only avoidance
behavior 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 plundering. Firstly, responses
(including passive sitting at a distance) 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). Secondly, both of the smaller corvids were
attacked vigorously, although only the jay plunders passerine nests
regularly (Soderstrom et al. 1998; Forschler 2002; Schaefer 2004; Stevens
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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The red-backed shrike Lanius collurio recognize the predator due
local, not due global features

Michal Némec, Tereza Souckova, and Roman Fuchs

Abstract

Birds are strongly motivated to discriminate among various predators
to ensure survival and reproductive success. Thus, predator
discrimination provides an occasion to investigate the process of
categorisation via non-trained animals. The most important role in
categorization processes is usually attributed to the prominent features
shared by all members within the category (aka. salient
cues/features), but absent in the other categories. However, it is known
that birds are also able to discriminate variously dangerous raptors
according species-specific components of colouration. In this study, we
simultaneously manipulated general raptor salient features (hooked
beak, talons with claws, and eyes with supraorbital ridges) and species-
specific plumage colouration on a kestrel dummy to investigate if both
types of cues are necessary for proper categorisation of the predator by
the red-backed shrike. We found, that the presence of general raptor
salient features is necessary for the categorization of the predator. The
kestrel dummy with natural species-specific colouration but without
general raptor salient features were treated by shrikes as uninteresting
objects; whereas the dummy with identical colouration and general
raptor salient features were recognized as a kestrel and elicited strong
anti-predator behaviour.
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Introduction

Animals perceive their surrounding, recognize familiar objects such as
food, mates or predators, and respond appropriately to them. If encounter
novel object, the animal tries to generalize it with some known one into
which it can respond. Such a generalization is conditioned by the ability of
categorization. In absence of categorization, each object or event would be
identified as unique, and the generalization would be impossible (Bekoff et
al. 2002). The process of category formation is one of the fundamental
topics within the animal cognitive research. Since avian dominant sense is
sight, birds, especially pigeons, are the most frequent model species for
this research. In the eighties, two opposing concepts were proposed. The
“Particulate feature theory” assumes birds see objects as non-organized
set of abstract local features. Only the presence of these features, but not
their absolute or relative position, is required for categorization (Cerella
1980). On the other hand, “Recognition by components theory” assumes
each object is defined not only by contained local features (geons), but also
by their mutual positions (Biederman 1987). The results of laboratory
experiments endorsing the relevance of “Particulate feature theory”
(Cerella 1979; Cerella 1980; Herrnstein 1984; Cerella 1986; Delius and
Hollard 1995; Cavoto and Cook 2001) or “Recognition by components”
theory (Steele 1990; Watanabe and Ito 1991; Brown and Dooling 1993;
Kirkpatrick-Steger et al. 1996; Kirkpatrick-Steger et al. 1998) were found. It
seems that pigeons perceive both local (elemental) and global (configural,
spatial) features of complex cues in similar way, as humans do. They are
probably able to switch between these two attempts according to the type
and quality of the presented cue (Kirkpatrick-Steger et al. 1998; Soto and
Wasserman 2012; Troje and Aust 2013).

Most of experimental studies investigating categorization processes in
animals were realized mainly via laboratory experiments with pigeons
based on the operant conditioning (see Jitsumori and Delius 2001 for
review). Allen and Hauser (1991) criticized the common laboratory
technique, which use responses to photographs (often photographs of
irrelevant stimuli for tested animal) to investigate categorization processes
in non-human animal, because the animal reactions to relevant or
irrelevant stimuli can be different (Pashler and Yantis 2004).



Another approach in categorization research is to focus on natural
behaviour of non-trained animals. It means to confront the animal with
natural task which must be solved to ensure future reproductive success
(Bolles and Beecher 1988). Predator recognition and categorization is an
excellent example of such a problem. Wide array of predator species
represents various types of peril, therefore the animal necessarily needs to
be able to faultlessly discriminate among them (Allen and Bekoff 1999). It
was demonstrated many times, that birds are able to discriminate nest
predators from nest parasites (D’Orazio and Neudorf 2008) or predators of
adults from predators of the young (Onnebrink and Curio 1991; Strnad et
al. 2012). They can also discern the predators of different taxa (Strnad et
al. 2012; Suzuki and Ueda 2012; Tvardikova and Fuchs 2012) as well as
sizes (Klump and Curio 1983; Palleroni et al. 2005; Némec and Fuchs 2013).
However, processes of predator categorisation alone used by non-trained
birds were not investigated in detail.

In classical ethology, the most important role in recognition and
categorization processes is usually attributed to salient cues — prominent
features shared by all members within the category, but absent in the
other categories (Schleidt et al. 2011). The crucial role of salient cues in
predator recognition was firstly detected in experiments with cardboard
silhouette of “short necked” bird. This dummy elicits escape behaviour in
tested birds independently of its colour or shape of wings and tail (Kratzig
1940, Lorenz 1940 ex Tinbergen 1948). The experiments with stuffed
dummies consequently confirmed the importance of the eyes (Scaife 1976;
Watve et al. 2002; Trnka et al. 2012; Berankova et al. 2014), beak (Burley
and Coopersmith 1987; Gill et al. 1997), and salient components of
colouration (Davies and Welbergen 2008; Pincemy et al. 2009; Welbergen
and Davies 2011) for recognition of predators (Scaife 1976; Watve et al.
2002; Davies and Welbergen 2008), nest parasites (Gill et al. 1997,
Welbergen and Davies 2011; Trnka et al. 2012), and sexual partners (Burley
and Coopersmith 1987; Pincemy et al. 2009). If these features were
removed from tested species, non-trained birds were unable to recognize
them, or their responses were significantly minor.

However, birds are also able to distinguish particular species of raptors
and respond adequately to various perils they represent. Once the stuffed
dummy of kestrel (Falco tinunculus) is exposed close to the red-backed
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shrike (Lanius collurio) nest, it is audaciously attacked by parent shrikes. On
the contrary, the dummy of the sparrowhawk (Accipiter nisus), the other
common small raptor, is attacked cautiously, which implies that shrikes can
subtly discriminate variously dangerous raptors according species-specific
components of colouration (Strnad et al. 2012).

Hence, there persist questions if both types of salient cues — general
raptor (hooked beak, talons with claws, and eyes with supraorbital ridges)
and species-specific (plumage colouration) — are necessary for proper
categorisation of enemy and what is superior to proper discrimination of
species. To examine these questions, we decided to manipulate
simultaneously potential general raptor salient features and species-
specific colour pattern in this study. As a model species, the kestrel, a
common small middle European raptor, was chosen. Two groups of kestrel
dummies were used. Whereas dummies in ‘raptor’ group, possessed
general raptor salient features (normal kestrel beak, claws and eyes with
supraorbital ridges), dummies in ‘harmless’ group had these features
changed to the beak, talons and eyes of harmless bird species, the pigeon
(Columba livia). In both groups, three different colour patterns were
applied on the kestrel bodies: ‘natural’ (unmodified colouration of the
kestrel), ‘brown’ (only underlay colours of the natural colouration of
kestrel, without back spots and streaks), and ‘aviceda’ (the colouration of
the black baza, Aviceda leuphotes — the south-Asian raptor, which is
unfamiliar to the red-backed shrike). We tested following hypotheses.

1) Both general raptor salient features and species-specific colouration
are necessary for proper categorisation of the kestrel. Therefore, the red-
backed shrike will attack unmodified kestrel dummy (‘raptor-natural’)
more intensively than any other dummy.

2) Only general raptor salient features are sufficient for proper
categorisation of raptor. Therefore, the red-backed shrike will attack all
dummies with general raptor salient features (‘raptor-natural’, ‘raptor-
brown’, and ‘raptor-aviceda’) with higher intensity than harmless control,
‘stuffed-pigeon’.

3) Only species-specific colouration is sufficient cue for proper
categorization of the kestrel. Therefore, the red-backed shrike will attack
both dummies with unmodified species-specific kestrel colouration
(‘raptor-natural’ and ‘harmless-natural’) with similar intensity.



4) Only basic components of species-specific colouration are sufficient
for proper categorisation of the kestrel. Therefore, the red-backed shrike
will attack the dummies with simplified species-specific kestrel colouration
(‘raptor-brown’ and ‘harmless-brown’) with similar intensity as the
dummies with unmodified kestrel colouration (‘raptor-natural’ and
‘harmless-natural’).

Methods
Study area

The study took place in the Doupov Mountains, nearby the town of Karlovy
Vary, in the west of the Czech Republic. The experiments were conducted
during the breeding season from June to late July in years 2009 to 2010.
The study area is located on the south border of the Hradisté military area
(50°10’N, 13°9’E). The prevalent landscape is that of farmland (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 per km?*; Némec, personal observation).

Study species

The red-backed shrike, that was chosen to be the tested species, is a
medium-sized mainly insectivorous passerine, which is able to hunt also
small mammals, lizards and other songbirds (Tryjanowski et al. 2003). The
red-backed shrike defends its nest quite vigorously, via physical attacks
(Tryjanowski and Gotawski 2004; Strnad et al. 2012), and is able to adjust
the defence intensity according to the predator dangerousness (Strnad et
al. 2012).

As predator species, a kestrel was chosen. It is small-sized avian raptor
(Falconidae), which possesses common raptor features like hooked beak,
relatively strong vyellow talons with claws, and “frown” eyes with
supraorbital ridges. Its colouration is unmistakable for human observer.
The background colours are rusty brown on the dorsal and rusty to ochre
on the ventral part of the body. Further, there are black spots and streaks
on the dorsal (head, back, wings, and tail) as well as ventral (breast, flanks)
part of body. Moreover, male has greyish head. Kestrel hunts mainly on
rodents and occasionally small passerines (Riegert and Fuchs 2011). The
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red-backed shrike is familiar with kestrel and attacks it in order to expel it
from own territory (Strnad et al. 2012).

Experimental design

We tested the response of the shrikes to the kestrel dummies, placed close
to shrike nest. From 2009 to 2010, we examined 38 nesting pairs,
containing nestlings aged between 2-14 days. Two groups of the kestrel
dummies were established (Figure 1). The dummies in the group ‘raptor’
possess normal (not adjusted) hooked beak, strong yellow talons with
black claws, and eyes with supraorbital ridges. These general ‘raptor’
salient features were removed and replaced in the group ‘harmless’ by
pigeons beak (straight and weak), talons (pinkish, with smoother whitish
legs without hooked claws), and eyes (without the supraorbital ridges).

There were three patterns of body colouration within both groups of
kestrel dummies: a) ‘normal’ — natural kestrel female colouration; b)
‘brown’ — only the background brown and rusty colours of kestrel female
natural colouration preserved — without black spots and streaks; c)
‘aviceda’ — body colouration of south Asian raptor black baza, resembles
none of European raptors — thus unfamiliar to shrikes. All dummies were
made from the plush. The usability of plush dummies in anti-predator
experiment was verified by (Némec et al. 2015). The red-backed shrike
responded equally to plush jay dummy and stuffed jay dummy — the
response was only just non-significantly weaker. Therefore, we used two
stuffed dummies as controls in this study — the kestrel as the raptor control
and the pigeon as the harmless control. All dummies used were freshly-
made.

In order to prevent tested birds from effusive intrusion, each tested
shrike pair was confronted only with dummies from either group ‘raptor’
(19 tested pairs), or ‘harmless’ (19 tested pairs), but always with both
stuffed control dummies. All five dummies pertaining to one set were
presented subsequently in random order. Each presented dummy was
placed in an upright position, with its wings folded, on a 1.5 m high pole, 1
m away from, but facing, the nest. During installation, the tested dummy
was covered with acloth to prevent early responses. Each trial
(presentation of single dummy) lasted 20 minutes starting from the
appearance of at least one parent. If neither parent appeared within 20



minutes, the trial was terminated and included into the dataset as a zero
response. This approach was used, because shrikes tend to visit the nest
relatively rarely (the feeding frequency is usually 5-10 minutes, at least,
parents keep visiting the nest during the 20 minutes; personal observation)
when foraging far from the nest, and they might simply not to be aware of
the presence of the dummy. The time interval until the presentation of the
next dummy was one hour from the experimenter disappearance from
shrikes’ territory. The shrikes’ response was recorded on a DV Camera
placed on a tripod c. 50 m from the nest to exclude its effects upon the
birds’ behaviour. All experiments took place between 10:00 a.m. and
18:00, as long as the weather was suitable.

A direct attack (defined as a flight over the dummy with apparent
decrease of bird’s height above the dummy) is the most ostentatious
feature of the parent shrike active nest defence. We recorded the number
of attacks executed against the dummy, both with and without physical
contact with the dummy. The behaviour of females and males were
monitored separately.

Statistical analyses

The analyzed variable was the number of the attacks performed by the
parent shrikes against individually presented dummy. The values of this
variable were log-transformed [log (no. of attacks + 1)] in order to bring
their distribution 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 the attacks between males and females within the pairs
by Pearson’s correlation coefficient. Since we found a strong correlation
between mates within a pair (r=0.641, t = 11.45, df = 188, p << 0.001), we
decided to use a pair identity as a random factor in the subsequent linear
mixed-effect model (LME, Pinheiro et al. 2012). To test given hypotheses it
is necessary to evaluate interaction of two factors — the type of salient
features and colouration of the dummy. However, both controls (the
‘stuffed-kestrel” and ‘stuffed-pigeon’) are not describable by this
interaction, so we merged all combinations of both factors into one factor
“dummy”. Four variables were included into the model in the following
order: the dummy (with values ’raptor-natural’, ‘raptor-brown’, ‘raptor-
aviceda’,  ‘harmless-natural’,  ‘harmless-brown’,  ‘harmless-aviceda’,
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‘stuffed-kestrel’, ‘stuffed-pigeon’), the sex of parent (values ‘male’ and
‘female’), the age of nestlings (continuous variable), and the order of the
dummy (values ‘first’, ‘second’, ‘third’, ‘fourth’, ‘fifth’). The effect of
particular variables was evaluated by Likelihood ratio test using ANOVA
with a partial F-test. The Tukey HSD post-hoc test was used to evaluate the
differences among levels of particular categorical variables. All statistical
analyses were computed in R 2.15.0 (R Development Core Team 2012), and
all graphs were created in Statistica 9.0 (StatSoft, Inc. 2011).

Results

Seven of thirty-eight tested shrike pairs did not attack any of tested
dummies. The rest of tested shrike pairs (31) attacked at least one of
presented dummies. The number of attacks was influenced only by the
presented dummy (LME ANOVA: F; 3,9 = 14.038, p < 0.001) and by sex of
the parents (LME ANOVA: F; 359 = 11.799 p < 0.001). The effect of the age of
nestlings (LME ANOVA: F;35 = 0.718, p = 0.397) and the order of the
dummies presentation (LME ANOVA: F;3,9 = 0.747, p = 0.561) were not
significant.

Tukey HSD post hoc test (Table 1, Figure 2) detected that only the
‘raptor-natural’ attacked significantly more often than the harmless control
‘stuffed-pigeon’. Simultaneously, the ‘raptor-natural’ dummy was attacked
as often as the raptor control ‘stuffed-kestrel’. The ‘raptor-brown’ dummy
was attacked significantly less often than raptor control ‘stuffed-kestrel’,
however, on contradiction to all other tested dummies, equally as ‘raptor-
natural’ dummy. All dummies with harmless salient features were almost
not attacked. The number of the attacks against ‘raptor-aviceda’ dummy
was not significantly different from the number of attacks against dummies
with harmless salient features. Males attacked all dummies more often
than females (Figure 3).



Figure 1: The kestrel
dummies, presented close
to the red-backed shrike’s
nests. Three different
colour patterns  were
applied on the kestrel
body: ‘natural’
(unmodified  colouration
of the kestrel), ‘brown’
(only underlay colours of
the natural colouration of
kestrel,  without back
spots and streaks), and
‘aviceda’ (the colouration
of the black baza, Aviceda
leuphotes — the south-
Asian raptor, which is
unfamiliar to the red-
backed shrike).

A) The dummies with
general raptor salient
features: Al  raptor-
natural, A2 raptor-brown,
A3 raptor-aviceda.

B) The dummies, which
had general raptor salient
features changed to the
beak, talons and eyes of
the pigeon: B1 harmless-
natural, B2 harmless-
brown, B3  harmless-
aviceda.

q) Control stuffed
dummies: C1 the kestrel,
C2 the pigeon.

78



Table 1 Results of Tukey HSD post-hoc test showing the differences in the
red-backed shrike anti-predator response against particular dummies. The
p values are above the diagonal, the Z statistics are under the diagonal.

stuffed  raptor raptor  raptor harmless  harmless harmless  stuffed
kestrel ~ natural  brown aviceda natural brown aviceda pigeon
stuffed - n.s. < <0.001 <0.001 <0.001 <0.001 <
kestrel 0.001 0.001
raptor n.s. - n.s. 0.010 0.008 0.026 0.023 <
natural 0.001
raptor 4.157 n.s. - n.s. n.s. n.s. n.s. n.s.
brown
raptor 5.600 3.494 n.s. - n.s. n.s. n.s. n.s.
aviceda
harmless | 6.367 3.584 n.s. n.s. - n.s. n.s. n.s.
natural
harmless | 5.900 3.227 n.s. n.s. n.s. - n.s. n.s.
brown
harmless | 5.983 3.263 n.s. n.s. n.s. n.s. - n.s.
aviceda
stuffed -8.165 <0.001 n.s. n.s. n.s. n.s. n.s. -
pigeon
160
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stuffed kestrel raptor brown harmless natural harmless aviceda
raptor natural raptor aviceda harmless brown stuffed pigeon
dummy

Figure 2: Number of the attacks performed by the red-backed shrikes
against presented dummies (n = 38). The filled square within each box-and-
whisker drawing represents the median; the vertical span of the box
represents the non-outlier values, and the rounded spots represent the
outliers.
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Figure 3: Number of attacks performed by the males and females of the
red-backed shrike against presented kestrel dummies with general raptor
salient features and control stuffed dummies (n = 19). The filled 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 10 % and 90 % percentile.

Discussion

Only ‘raptor-natural’ dummy (unmodified kestrel dummy with both
general raptor salient features and species-specific kestrel colouration) was
attacked as intensively as a raptor control (‘stuffed-kestrel’). This result
validates the hypothesis no. 1 that both general raptor salient features
(hooked beak, yellow talons with claws, and eyes with supraorbital ridges)
and species-specific colouration are necessary for proper categorisation of
the kestrel.

None of the dummies with harmless salient features was attacked more
intensively than the harmless control ‘stuffed-pigeon’. From dummies with
general raptor salient features, only the ‘raptor-natural’ was attacked by
shrikes more intensively than ‘stuffed-pigeon’. These results can imply that
general raptor salient features alone are not sufficient cue for proper
categorization of the predator. However, we cannot exclude the possibility
that the red-backed shrikes recognized the ‘raptor-aviceda’ dummy as a
raptor, but they might have not considered it as dangerous predator
towards which the defence is necessary. The active mobbing is the very
last option in the anti-predator response (Caro 2005) and shrikes may use
it only against familiar enemies. Thus, we cannot exclude for a certainty
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the hypothesis no. 2, which presume that only general raptor salient
features are sufficient for proper categorization of raptor.

On the other hand, we can obviously refuse the hypothesis no. 3, which
supposed that only species-specific colouration was sufficient for proper
categorization of the kestrel, because even ‘harmless-natural’ dummy with
complete species-specific colouration was not categorized as the kestrel.
The red-backed shrike almost ignored this dummy, which lacked general
raptor salient features, and treated it like a harmless control ‘stuffed-
pigeon’.

The ‘raptor-brown’ dummy was not attacked significantly more
intensively than control dummy ‘stuffed-pigeon’, however also not less
intensively then ‘raptor-natural’ dummy. It means that we can carefully
validate the hypothesis no. 4, because if general raptor salient features
were present, also simplified (i.e. incomplete) colouration of kestrel was
sufficient cue for categorization of this dummy as the kestrel at least by
some tested shrikes. Nevertheless, it seems that substantial decrease of
discrimination accuracy appeared in this case.

The most surprising result of our study is that presence of general
raptor salient features is absolutely necessary for the categorization of the
predator, even in the case its species-specific colouration, which is present,
is used for discrimination of this predator among others by the red-backed
shrike. It can seem paradoxically. At the first glance, it is the same as if the
human observer could not recognize a car without wheels as a car. On the
other hand, the car without wheels is unable to serve for transportation.
Thus, we guess that the shrikes possibly recognized the kestrel, but they
did not expect it as a danger for their nestlings, because it had neither
hooked beak nor claws. However, this explanation assumes that the
process of predator recognition is not only about the registration of the
cues, but it is much more sophisticated process in shrikes. Similar
processes are speculated by the Theory of mind. However, it handles with
the ability of one animal to anticipate the intention of the other one
(Bugnyar 2007), and it is focused on intraspecific relationships. Other
possibility is that predator recognition proceeds in two levels. Firstly, the
predator is detected according to the presence of general raptor salient
features and after that, the species-specific features are used for
recognition that determines the type of risk more accurately. If the dummy



lacks general raptor salient features, the more accurate species-specific
recognition does not pass.

The role of general salient features in predator recognition towards
various silhouette shapes of birds was firstly detected in responses of
willow ptarmigan (Lagopus lagopus) and domesticated fowl (Gallus
domesticus). The length of the neck essentially affected the anti-predator
response. If the silhouette was moved in the direction, which induced
impression of the bird with short neck and long tail, tested fowls perceived
it as a raptor and responded by escape behaviour. On the contrary, if the
silhouette was moved in the direction which induced the impression of the
bird with long neck and short tail, anti-predator behaviour did not occur in
tested birds (Goethe 1937) (Kratzig 1940; Lorenz 1940 ex Tinbergen 1948).
However, when Schleidt et al. (2011) revised Tinbergen and Lorenz’s
experiments he concluded that the releaser of the anti-predator response
was probably not “a short neck” but rather “a slow relative speed of
flight”.

The importance of the eyes as the salient feature was documented
repeatedly. Curio (1975) presented stuffed dummy of the pigmy owl
(Glaucidium passerinum) with modified eyes to the pied flycatcher
(Ficedula hypoleuca). A strong response occurred against the unmodified
control dummy as well as the dummy with triangular eyes. If one eye was
covered by feathers, flycatchers almost ignored the dummy. If both of eyes
were hidden, it elicited some anti-predator response, but the difference
between no-eyed and one-eyed dummy was not significant. The author
explained the slight increase via restored symmetry and added that the
shape of eyes was less critical than their number. Scaife (1976) also tested
the importance of eyes and found that yellow raptor eyes elicited stress
response (escape to the cover) in chicks, even if placed on harmless stuffed
kiwi. There are few recent studies, which also claim the importance of eyes
as anti-predation starter in birds. Trnka et al. (2012) tested the response of
the great reed warbler (Acrocephalus arudinaceus) towards the dummy of
cuckoo (Cuculus canorus) and found out that the mobbing response was
significantly stronger against the unmodified stuffed dummy of cuckoo
with yellow eyes, than against the dummy with black eye.

On the other hand, just the presence of salient feature is not the only
one considerable explanation of why the absence or modification of the
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intruders’ eyes might have affected the behaviour of mobbers. Watve et al.
(2002) found, that bee-eaters (Merops orientalis) were able to assess the
angle of the predator’s gaze and anticipate what the predator can or
cannot see. The angle of predator’s gaze and the nest affected the bee-
eaters response more strongly than the angle formed by predator’s body
with the nest. Bee-eaters entered the nest more frequently when the
predator was unable to see the nest. Similar findings described Carter et al.
(2008), who tested the effect of human gaze to the European starlings
(Sturnus vulgaris), placed in aviary. If the human’s gaze was averted from
the food, starlings resumed feeding sooner, at a higher rate, and consumed
more food too.

The role of the beak as the salient feature in predator recognition and
categorization was tested surprisingly rarely, and moreover, never in the
raptors, although shape of their beak has been understand as
characteristic and relatively uniform feature within the genus. Gill et al.
(1997) removed the beak from a freeze-dried brown-headed cowbird
(Molothrus ater) and replaced it with a beak of a juvenile starling (Sturnus
vulgaris), which was blackish like cowbird’s one, but shorter and thicker.
Yellow warblers (Dendroica petechia) responded more intensively towards
control dummy with original longer, thinner beak, which suggested that
beak shape was a salient sign in recognition of this nest parasite.

The conspicuous and species-specific elements of plumage colouration
could serve as salient features for the recognition of particular predator or
nest parasite species or conspecifics. Already in 1946 Lack found out that
only a bunch of red feathers elicited an aggressive response of a robin
(Erithacus rubecula) male (Tinbergen 1948).

One of the most extensive anti-predator investigations was conducted
by Curio (1975) with pied flycatchers. In first experiment, he presented
them the dummies of the red-backed shrike with colour modification of
eye strip. The strongest responses elicited only the control unmodified
dummy. Except the dummy with red eye stripe, which elicited the same
response as unmodified dummy, all other modifications of dummies (eye
strip green, white on black head, black on white head, without strip, resp.
without strip and eye) caused strong decrease of intensity in flycatcher’s
response. Then, the contrast between eye strip and head was tested. Curio
either decreased the saturation of the strip, or in contrary saturated the



colour of the head. The desaturation of the stripe did not elicit any changes
in flycatcher’s response until the stripe was fully merged with the
background. After that, the anti-predator response ceased. The response
also changed in dependence on the saturation of the bird’s head. The
richer coloured head was, the stronger anti-predation response appeared.
However, when the head was totally black, no reaction occurred. The
location of the stripe was also important. The flycatchers responded
strongly to the unmodified control dummy and even more strongly to the
dummy, which had the eye stripe shifted from the front to the nape. Other
modifications (the stripe on the neck, on the belly, vertically on the vertex)
elicited only slight anti-predator responses in tested flycatchers. Another
experiment included the presentation of dummies of the red-backed shrike
male with modified colouration of body to the flycatchers. However, the
flycatchers responded strongly only towards the unmodified control
dummy. If the original colour body pattern was substituted by white colour
only with the black eye stripe, the anti-predator response of tested
flycatchers decreased dramatically. Further, if the eye stripe was
completely removed, the dummy elicited no anti-predator response in
tested flycatchers.

Taken together, the results of Curio indicate that the flycatcher
perceived the predator as an integer entity; nevertheless, it focused more
attention on salient species-specific features (the eye strip in the red-
backed shrike). The flycatcher lost their ability to recognize the red-backed
shrike after the modification of whole body colouration as well as the
removing the eye strip. These findings are in exact accordance with our
results, which showed, that tested shrikes responded to the kestrel only if
it possessed species-specific colouration as well as general raptor salient
features.

Recently, the effect of colouration resemblance between the predator
of adult passerines, the sparrowhawk, and nest parasite, the cuckoo, have
been s investigated repeatedly. One of two colour forms of European
cuckoo has barred belly and yellow eye. Therefore, it was hypothesized
that the nest parasite mimics the most dangerous predator of small birds
in Europe, the sparrowhawk, which facilitate the access to the hosts nest
(Welbergen and Davies 2011). However, Welbergen and Davies (2008)
showed that reed warbler (Acrocephalus scirpaceus), a species, which is
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commonly parasited by the cuckoo, mobbed the dummy of cuckoo with
alarm calls more strongly than the dummy of sparrowhawk or harmless
control, the teal (Anas crecca). This result implied that the reed warbler
was able to discriminate among particular intruders. On the other hand, in
experiments with plumage manipulation, the reed warbler was more
reluctant to approach the common cuckoos with barred rather than
unbarred underparts (Welbergen and Davies 2011). Therefore, the barred
belly protects the cuckoo before the active mobbing from host species. In
addition, also the harmless control, the dove (Streptopelia decaocto), was
approached significantly more closely unbarred than barred (Welbergen
and Davies 2011). However, the bared belly did not induce the anti-
predator response unconditionally, because there was no difference in
approach to barred and unbarred hawks (Welbergen and Davies 2011).
Authors considered that the reed warblers discriminated the sparrowhawk
probably according to the typical raptor features, sited on the
sparrowhawk body.

The removal of the barred belly from the dummy of sparrowhawk could
be considered being comparable with simplification of the colour pattern
of our ‘raptor-brown’ dummy, which was also not attacked significantly
less intensively than unmodified dummy in the red-backed shrikes.
However, in contradiction to our finding that the species-specific
colouration in ‘harmless-natural’ dummy was not sufficient feature
without general raptor salient feature for release of mobbing response, the
species-specific colouration of the sparrowhawk used on cuckoo dummy,
caused fear in the reed warbler from the cuckoo dummy, although it did
not possess general raptor salient features. This discrepancy could be
explained by various manners of anti-predator behaviour of the reed
warblers and red-backed shrikes. Whereas the warblers responded by the
change of the distance from the intruder, the shrikes changed the intensity
of the active mobbing. However, the passive and the active mobbing differ
in costs and risks.

Moreover, Trnka et al. (2012) support, that the yellow iris and yellow
eye ring of the cuckoo are more important cues than its barred belly for
the great warbler. The authors explain that host looks to cuckoo mostly
from above, so it could see rather the eye than the belly. They also noted
that the same cue could induce aggressive response in one population or



escape response in other, according to their experience with presented
intruders.

On the other hand, Trnka and Prokop (2012) found that the great
warbler (Acrocephalus arundinaceus) attacked both the cuckoo and the
sparrowhawk with similar intensity, however, only when they were
presented in sequence. Since they were presented simultaneously, the
great warblers could distinguish between them and attacked the cuckoo
more intensively. The authors explained that the cuckoo’s hawk mimicry
was not thorough; however, the great warblers generalized the danger
among all intruders during the nest defence. It could be caused by strong
physique of the great warbler, which increased the probability of
successful mobbing against the cuckoo.

Whereas the reed warblers could distinguish between the cuckoo and
sparrowhawk, species, which were not parasited by the cockoo (the
swallow, Hirundo rustica), and species, which had no experiences with it
(the bushtits, Psaltriparus minimus) were mystified by the hawk mimicry
and treated it like it was the sparrowhawk (Lyon and Gilbert 2013). Also
the great tits (Parus major) and blue tits (Cyanistes caeruleus) responded
to the cuckoo similarly cautiously as to the sparrowhawk (Langmore et al.
2012).

On the other hand, in feeder experiments the tits showed similarly
strong alarm to barred and unbarred hawks, and little alarm to barred
doves (Davies and Welbergen 2008). These results imply that the barred
belly alone is not sufficient feature for recognition of the sparrowhawk.
There have to be present also another species-specific (the yellow eyes)
and/or general-raptor (hooked beak, or strong talons) features. These
variations in behaviour among various species depend probably on the
context in several levels. The effect of one particular feature is affected by
the presence of other features, by the relevance of their holder for
receiver, by the ability of the receiver to act towards the holder, and by the
individual receiver experience with the holder.

Only few studies distinguished manipulation with general and species-
specific salient features. Berankova et al. (2014) presented dummies of the
sparrowhawk and the pigeon with mutually exchanged salient features
(the eye and the beak) to naive great tits. The exchange of the eyes
removed the fear from the sparrowhawk from the tits response, but did
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not cause the fear from the pigeon. Tits were interested in both chimeras,
which suggest they considered the chimeras as “weird enemies”. The
exchange of beaks did not remove the fear from the sparrowhawk,
however caused some fear from pigeon (but not as intensive as from
unmodified sparrowhawk). The authors deduced that species-specific
features of the sparrowhawk were necessary for proper identification,
whereas general raptor salient features were not. At the same time,
species-specific feature of the sparrowhawk alone was not the sufficient
cue for the determination, whereas general raptor salient feature was (for
the recognition of the “raptor”, not “sparrowhawk”, of course).

Although birds use rather local than global cues (Wasserman et al.
1993; Cavoto and Cook 2001; Troje and Aust 2013) the effect of salient
features in recognition process is not unconditional. Although the black eye
stripe is an important cue for recognition of the red-backed shrike, the
flycatchers did not respond to the white coloured dummy of the red-
backed shrike, as well as to the white stick, lacking the shape of avian
body, although they both possess stylised black eye stripe (Curio 1975).
Similarly, the white coloured pigmy owl! did not elicit almost any mobbing
response in pied flycatchers; although the dummy possessed unmodified
eyes, whose presence appeared to be utterly crucial for the recognition of
unmodified dummy of the pigmy owl (Curio 1975). On the other hand,
pygmy owl eyes placed on the dummy of the red-backed shrike with
unmodified colour pattern had no effect to the response of tested pied
flycatchers. Curio (1975) recapped from his extensive experiments that for
red-backed shrike recognition by the pied flycatchers, the facial mask as
well as the ‘rest’ of the colour pattern (grey back), body size, and spatial
orientation were important, while movement and other features were
found to be irrelevant.

Numerous laboratory studies (see Dukas and Ratcliffe 2009 for review)
showed, that birds are able not only to discriminate by categories, but also
easily to learn and generalize. Tvardikovd and Fuchs (2010) proved that
also complex mechanisms like “amodal completion” occur during predator
recognition and categorisation process. The great tits in feeder-experiment
respond differently according circumstances to the upper part torso of
sparrowhawk, cut off the rest of the body (only the head and breast with
parts of wings). If the torso was placed revealed on the perch, tits behaved



just a little feared, but if the torso was “looking out” from the tuft of
branches, tits recognized it as real sparrowhawk. It implies, that tits
perceive the sparrowhawk holistic, not as set of particular features, also in
the situation if it is covered by another object.

Generally, our results show that birds do not perceive salient features
apart, but in context. Thus, we can agree with (Schleidt et al. 2011) that
suggest to overcome the simplistic attempt to reduce our world to a
“world of stimuli” and propose a “theory of world”. Here we take into
account not only objects, but also everything that sticks out from the
background noise, and are distinguishable from the clutter as something
relevant to that individual’s survival.
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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. Nevertheless, 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
important 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.

Key words: anti-predator behaviour, artificial dummies, surface texture,
categorization, recognition, priming
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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 ecologically meaningful stimuli to wild
animals and to focus the research effort on the cognitive processes that
occur in animals 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 animal 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 recognition. This phenomenon has been described in species
belonging to various taxa from all vertebrate classes: mammals (Griffin et
al. 2001; Stankowich and Coss 2007), reptiles (Webb et al. 2009),
ampbhibians (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 2005 for review). However
recognition of predators differing in the level of danger they represent has
been subjected by behavioural studies less often (Patterson et al. 1980;
Curio et al. 1983; Buitron 1983; Clemmons and Lambrechts 1992; Jacobsen
and Ugelvik 1992; Rytkdonen and Soppela 1995; Kleindorfer et al. 2005;
Tvardikova and Fuchs 2011; Strnad et al. 2012; Némec and Fuchs 2014).
One way to studying how animals form the “predator” category 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 representing 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 dummies; 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 dummies 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;
Cook 1992b). 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; Cook et al. 1996; Cook et al. 1997,
Katz and Cook 2000; Young et al. 2001; Kelly and Cook 2003) 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 presumption of using the key features in
conspecifics (red feathers of a robin, Lack 1946), predator (short neck and
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long tail on a raptor silhouette, Kratzig 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; Némec 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 colouration — blue and black striped coverts, black moustache,
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 silicone 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 to 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 to 12 days. The Eurasian jay, chosen as a
predator, is considered a significant nest predator of the Czech populations
of small 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; Némec and Fuchs
2014).

Experimental design

We successively tested the responses of shrikes to three different Eurasian
jay dummy types. The stuffed one possessed 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 installation. The experimenter than removed the cloth
and started 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 minutes
starting from the appearance of at least one parent. If neither parent
appeared within 20 minutes, the trial was terminated and included in the
data set as a zero response. We used this approach because shrikes tend to
visit the nest relatively rarely (the feeding frequency is 5 to 10 minutes)
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 minutes. The
experimenter interrupted the experiment after 20 minutes. The time
interval until the presentation of the next dummy was one hour.
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Figure 1 Three dummy types of the Eurasian jay presented close to the red-
backed shrikes’ nests. A) Stuffed dummy; B) Plush dummy; C) Silicone
dummy.



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 pigments (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).
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 moustaches, 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.

Measuring the colour differences

To assess the differences between the particular colours measured, the
avian colour discrimination model (Vorobyev and Osorio 1998) was used.
This model calculates the distance in avian colour space (AS), defined by
the quantum 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. (1998) estimate of the
Weber fraction for each cone type based on an empirical estimate of
behavioural data from the red-billed leiothrix (Leiothrix Iutea). 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
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discrimination of colours. In general, at 1.0 jnd two colours are barely
distinguishable under ideal conditions, 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 of 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
minutes, scored dicholomously for each trial (0/1). Secondly, we used the
number of attacks against the dummy performed during the 20 minutes.
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 included. 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 of 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 ‘10-12 days’) on each dependent
variable. Individual trials were used as the unit of replication. There was a
strong correlation between the male and female within a pair (Pearson’s
correlation coefficients, occurrence of attack: r=0.718, t = 5.44, 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 Gofawski (2004) for analysis of similar data with the red-backed shrike.
Likelihood ratio tests (based on the appropriate distribution binomial or
Gaussian, followed by X or F test respectively) were used to assess the
effect of particular variables. The Tukey HSD post-hoc test (in case of
normal data) or Fisher LSD post hoc test (for binomial data) were 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 * sequential position) were
compared using a multiple comparison general linear hypothesis, with pre-
specified contrasts (Hothorn et al. 2008). All statistical analyses were
computed in R 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 (X’= 15.94, 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 (X’= 8.87, df = 1 and 126, P = 0.003). The silicone dummy was
attacked by fewer birds than the stuffed (Fisher LSD post hoc test, P <
0.001) or than the plush dummy (Fisher LSD post hoc test, P = 0.020).
Dummies were attacked by fewer birds in the first trial than in the second
(Fisher LSD post hoc test, P = 0.033) or than in the third trial (Fisher LSD
post hoc test, P = 0.007). More males than females attacked the presented
dummies at least once.
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Figure 2 Numbers of birds performing attacks against particular dummies,
exposed in various order in the sequence.

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=9.43, df=1
and 126, P < 0.001). The interaction of the type of the dummy and the
sequential position of the dummy bordered on significance (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 HSD post hoc test:
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, Tab. 1). There were
no significant effects of sequence within the stuffed and plush dummies
(Fig. 3, Tab. 1).



Table 1 Results of multiple comparisons on the interaction terms for
dummy type and the order of its exposure, using linear contrasts. The
statistic is followed by a parenthesized estimate of Type | error.

as first —as second  as first — as third as second — as 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.)
firlst secl:nd thi‘rd fir‘st sec‘ond th;rd fir‘st sec‘ond th;rd
stuffed plush silicone

Figure 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.
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First attack latency

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

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 HSD post hoc test: z = 2.73, P = 0.017) as
well as than in the third trial (Tukey HSD post hoc test: z=2.77, P =0.016).

Colour differences

We found significant differences among all three dummies regarding the
reflectance of particular parts of the body (Tab. 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 i) significantly distinct in one dummy only (silicone
throat or plush tail) or ii) quite similar among all dummies (back, neck,
belly, moustaches). Only the colouration of the stuffed and silicone tail
should not be recognizable by birds according to statistical significance
within the avian visual model (see Tab. 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 significant 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.

Table 2 Distances (AS) between particular spots on each dummy type based
on the reflectance data in respect to the avian visual system. Presented
units are dimensionless just noticeable differences. Values lower than 1
should not be recognizable for birds under optimal light conditions.

comparison

body part stuffed-plush  stuffed-silicone  plush-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
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Figure 4 Average spectral reflectance (mean of five independent
measurements on each body part) of seven body parts on each dummy
type as depicted in Figure 1. 100% reflectance is defined as the light
reflected from ‘white standard’ (WS-2, Ocean Optics). Light grey line refers
to the stuffed dummy, dark grey line to the silicone dummy and black line

to the plush dummy.



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 and we suggest that they might notice the
dissimilarity between the stuffed and plush dummies and consequently
stop attacking. 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 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.
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In summary, we cannot exclude some effect of the colour differences of
the tested dummies on their recognition; 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
discrimination 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 of sensitisation or habituation
of the shrikes during trials, because in a previous experiment shrikes did
not attack a harmless pigeon even when presented after various predators,
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
psychological literature on humans (for a review see Wasserman and
Zentall 2009). Perceptual priming is implicit (unconscious) 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
successful 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 presentation 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 (or a nest
parasite, competitor, or even sexual mate), which occurs in the
surrounding and has already been observed, may considerably increase the
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probability of successful results in a repeated encounter. Our study shows
that perceptual priming may facilitate the categorisation of ecologically
relevant objects by wild non-trained birds in the field.
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