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1 Uvod

1.1 Varovna vokalizace

1.1.1 Antipredaéni chovani

Riziko predace je vSudyptitomné a schopnost vyhnout se mu znacné zvysuje schopnost jedince
prezit (Caro 2005). Kromé morfologickych adaptaci, jako napiiklad splynuti s okolim pomoci
krypse (Endler 1978; Poulton 1890; Thayer 1909) tj. zménou barvy nebo tvaru v zavislosti na
okoli, napodobovani barvy jiného druhu (Wickler 1973), disruptivniho zbarveni (Stevens &
Merilaita 2009) maji zvifata také rizné adaptace chovani. Zvitrata ptizptisobuji své chovani
tak, aby co nejvice snizila riziko predace (Caro 2005). Zakladem je vybér vhodného habitatu
a spravné nacasovani pottebnych aktivit jako je krmeni nebo rozmnozovani. Zvitata vykazuji
ostrazitost vici piipadnému nebezpeci (Elgar 1989; Lima & Dill 1990) nebo aktivni obranu
v piipad¢ kdy jsou jiz predatorem bezprostfedné ohroZena (ex Caro 2005). V obou téchto

ptipadech jsou vyuzivany varovné hlasy.
1.1.2 Varovné hlasy

Pfedevs§im u socialnich zvifat se muzeme setkat s ostrazitosti (vigilanci) vici ptitomnosti
predatora (Elgar 1989; Lima & Dill 1990). Jedinec mize detekovat hrozbu sdm, ptipadné
prostfednictvim ostatnich jedinct, ktefi bud’ vydavaji varovny signal, nebo za¢nou rychle
prchat (Davis 1975; Treherne & Foster 1981; Martin et al. 2006; Ebensperger et al. 2006).
Kdyz je hrozba detekovéna jednim ¢lenem skupiny, kteryvaruje celou skupinu, mohou ostatni
Setfit energii a vénovat se napiiklad sbéru potravy. OstraZitost je tak velice vyhodna pfedevsim
proto, Ze nemusi byt na pozoru celd skupina (Pulliam 1973). Nicméné tato strategie je obecné
rozSifena 1 u mén¢ socialnich zvirat, kde nejsou blizké vazby mezi jedinci, naptiklad u
anonymnich hejn ptakid. Z toho, ze kazdy hlida sam sebe profituji vSichni ¢lenové, protoze

pokud se da hejno na utek je pro predatora tézké identifikovat koftist (Cresswel et al. 2000).

Naopak mobbing, neboli aktivni obtéZzovani predatora, je strategii velmi Siroce
roz$ifenou pfedev§im mezi ptaky a savci (napf. Owings & Coss 1977), a je vyuZivana
v okamziku, kdy jiz neni mozné se pred predatorem schovat, nebo mu prchnout. Mobbing
muze pro jedince nebo jeho potomky predstavovat potencionalni nebezpeci a je Casove i
energeticky naro¢ny (Curio 1978). Naptiklad pradelnik mahalsky (Plocepasser mahali), zijici
Vv koloniich, strdvi mobbingem az 17,6 % svého casu a diky tomu zanedbava i krmeni mlad’at
(Collias & Collias 1978). Na druhou stranu se jedna se o strategii, ktera mize byt velmi u€inna,

protoze muze predatorovi zpusobit 1 vaznéjsi zranéni, v extrémnich ptipadech dokonce smrt
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(Smith & Hosking 1955). Pravé proto je mobbing velice rozsifenou strategii napii¢ mnoha

taxony obratlovct a lisi se podle hrozby, kterou piedstavuji riizni predatoti (Curio 1978).

Jak pii mobbingu tak pii vigilanci vyuzivaji savci a ptaci varovné hlasy (Caro 2005).
Jejich funkce neni jednoduché a existuje n€kolik teorii jejich evoluce (Wheeler 2008). Jejich
zakladni funkci je varovani ostatnich jedinci pfed nebezpecim. Muze také obsahovat
informaci o druhu predatora (Seyfarth et al. 1980). Nékter¢ studie se zabyvaji schopnosti zvitat
rozpoznat miru nebezpecnosti predatora napiiklad podle velikosti (Templeton et al. 2005),
druhu (Edelaar & Wright 2006) nebo vzdalenosti, ve které se nachazi (Baker & Becker 2002,
Leavesley & Magrath 2005). Varovné hlasy vypovidaji o socialnich a enviromentalnich
kritériich (Morton 1975, Wiley & Richards 1978, Endler 1993) a také o senzorickych
vlastnostech ptijemce (Guilford & Dawkins 1993, Bradbury & Vehrencamp 1998, Endler &
Basolo 1998).

Hlavnim problémem varovnych hlast je, Ze varujici jedinec se vystavuje pomérne
velkému nebezpeci (Ivins & Smith 1983). Presto na sebe miize toto riziko brat, jelikoz
Vv socidlnim kontextu roste jeho prestiz a benefituji z toho jeho piibuzni (Maynard Smith 1965;
Gaston 1977; Sherman 1977) nebo ostatni ¢lenové spolecenstvi (Witkens & Ficken 1979;
Hogstad 1995). Navic existuji diikazy o tom, ze ne kazdy varovny hlas je pro predatora snadno
rozpoznatelny. To se déje napiiklad kvili husté vegetaci pohlcujici zvuk nebo kvili okolnimu
hluku (Marler 1955). V nékterych ptipadech jsou dokonce varovné hlasy na takové frekvenci,

aby je predator Spatné slysel (Jones & Hill 2001).

Naptiklad pévci produkuji dva typy varovnych hlast — ,,mobbing calls* a ,,seet calls*,
které pouzivaji v odliSnych situacich. Hlavni funkci ,,mobbing calls* je odstraseni predatora,
ackoliv toto volani také upozoriiuje ostatni jedince a poskytuje informace o charakteristikach
predatora. Muze ho vydavat jak jednotlivec, tak celd skupina ptakd (Klump & Shalter 1984).
»Seet calls* vydava obvykle jednotlivec v piipadé ohroZeni ze vzduchu a varuje tak ostatni,
aby se vydali k tkrytu do bezpe¢i nebo aby znehybnéli pro znesnadnéni detekce (Marler 1977,
Harvey & Greenwood 1978). Nékteré studie naznacuji, Ze predatofi nejsou podle ,,seet calls*

schopni ur¢it polohu ptéka. ,,Seet calls* totiz obsahuyji ¢istéjsi tony na vyssich frekvencich, coz

znesnadnuje predatorim urceni polohy na vétsi vzdalenost (Marten & Marler 1977).
Nékdy se u zvifat miZzeme setkat 1 s takzvanymi faleSnymi varovnymi signaly. Maze
se jednat napiiklad o Spatnou interpretaci signalu v rdmci kolektivni ostrazitosti (Sirot 2006),

reakci na novy nezndmy druh nebo situaci (Munn 1986), nebo ucelné vystraseni ostatnich



jedincti se sobeckym zamérem, coz bylo prokazano u mnoha druht ptakii (Matsuoka 1980;
Moller 1988, Cresswell et al. 2000; Haftorn 2000; Edelaar & Wright 2006; Rogers et al. 2006)
asavctl (Hare & Atkins 2001; Blumstein et al. 2004). FaleSné varovné signaly tvoii prekvapivé
velkou ¢ast varovani. Ve studii, provadéné na huse velké, bylo zjisténé Ze vice nez 40 %
poplasnych odletl bylo zpisobeno faleSnym varovanim (Kahlert 2006) a ve studii zabyvajici
se vodousem rudonohym az 70 % (Cresswell et al. 2000).

Snaha o vydavani varovnych hlast, které jsou predatorem Spatné lokalizovatelné
zpusobuje, ze varovné hlasy jsou si obecné podobné co do frekven¢niho rozsahu a délky trvani
(Marler 1955) a mtize dochazet ke koevoluci varovnych hlasti mezi navzajem neptibuznymi
druhy (Krams & Krama 2002). Obecna uniformita varovnych hlasti pak umoznuje vyuzivani

téchto signali mezidruhove.
1.1.3 Heterospecifické varovné hlasy

Jeden typ predatora vétSinou ohrozuje vice nez jeden druh kofisti, takze je vyhodné rozumét i
varovnym hlastim ostatnich druhti (Hurd 1996; Shriner 1998; Lea et al. 2008; Goodale et al.
2010). Je popsano mnoho piipadi rozpoznavani heterospecifickych varovnych hlast mezi
riznymi ptaky, riiznymi savci, ale 1 mezi ptaky a savci a mezi ptaky a plazy (Vitousek et al.
2007; Ito & Mori 2010; Ito et al. 2013). Heterospecifické varovné hlasy se vyskytuji nejcasteji
ve smiSenych spolecenstvich a predpoklada se, Ze dalezitym faktorem pro jejich vytvareni je
situace, kdy nevokalizujici jedinci jsou obklopeni témi vokalizujicimi a zaroven tyto
zGCastnéné druhy sdili predatory (Gaddis 1980, Greig-Smith 1981). Vokalizujici druhy pak
tvofi tzv. ,jadro* skupiny a ostatni druhy je nasleduji (Sullivan 1985; Munn 1986; Ragusa-
Netto 2002).

Goodale a Kotagama (2005) ukazali na timalii srilanské (Turdoides rufescens) a
drongovi vlajkovém (Dicrurus paradiseus), ze tyto jadrové druhy jsou velmi Casto socialngjsi
nez ty, které pouze varovné hlasy odposlouchavaji. Naptiklad samotaisky strakapoud osikovy
(Picoides pubescens) snizuje svoji ostrazitost v piitomnosti spole¢enskych a hodné varujicich
sykor Cernohlavych (Poecile atricapillus) a sykor rezavobokych (Baeolophus bicolor)
(Sullivan 1985). ,,Mobbing calls* sojky kifovinné (Aphelocoma c. coerulescens), ktera je velice
socialni, pak varuji datla zlatého (Colaptes auratus), datla karolinského (Melanerpes
carolinus), sojku chocholatou (Cyanocitta cristata), drozdce mnohohlasého (Mimus
polyglottos), drozdce hnédého (Toxostoma rufum), tuhyka amerického (Lanius ludovicianus)

a pipila rudookého (Pipilo erythrophthalmus) (Francis et al.1989). Ve vychodoafrické savané



hraji vyznamnou roli v heterospecifickém varovani sparaci z rodu Corythaixoides, na které
reaguje napiiklad nesocidlni dikdik Giintertv (Lea et al. 2008) ale i dalsi druhy africké savany
(Simmons 2000). Ve smiSeném hejnu potapky zapadni (Aechmophorus occidentalis) a rybaka
Forsterova (Sterna forsteri) pak opousti potapka sva hnizda pii varovném volani kolonialné
hnizdiciho rybaka (Nuechterlein 1981). Nicméng, je zjevné, Ze i nesocidlni druhy mohou byt
veérohodnymi zdroji heterospecifického varovného signalu. Napft. na ,,seet calls* kosa ¢erného
(Turdus merula) reaguji hnizdici sykory konadry (Parus major) (Rydén 1978) a socialni
mangusta zihana (Mungos mungo) zase umi rozpoznat varovani solitérn¢ hnizdici cejky
korunkaté (Vanellus coronatus) (Miiller & Manser 2008). Zda se, Ze rozhodujici je spise

ochota vydavat varovné hlasy, ktera je prirozen¢ vyssi u socialnéjSich druhd.

Nekteré druhy na heterospecifické hlasy nejen reaguji, ale dokazi v nich i rozpoznat o
jaké nebezpeci se jedna. Napiiklad brhlik americky (Sitta canadensis) dokaze rozpoznat
rozsah nebezpeci podle poctu slabik varovného zpévu sykory cernohlavé (Poecile atricapillus)
a adekvatné na né¢j reagovat (Templeton & Green 2007). Kockodan Dianin (Cercopithecus
diana) a ko¢kodan Campbelliav (C. campbelli) dokazi nejen vzajemné reagovat na varovny
hlas toho druhého, ale dokazi mezi nimi i rozliSovat, zda jde o predatora ptichédzejiciho ,,ze
zemé™ (,,leopard alarm call*) nebo ze vzduchu (,,eagle alarm call®) (Zuberbiihler 2000). Na
»eagle alarm call*“ kockodana Dianina reaguje i zoborozec palmovy (Ceratogymna elata),
ktery dokaZe rozpoznat tyto dva druhy varovani a vybrat jen ten, u kterého mu hrozi nebezpeci
(Rainey et al. 2004). Zajimava je také interakce mezi mangustou drobnou (Helogale parvula)
a dvéma druhy zoborozcu z rodu Tockus, ktefi vydavaji varovné hlasy i v piipadé predatora

ohroZujicich pouze mangusty (Rasa 1983).

Né&které studie naznacuji mutualistické vztahy 1 mezi druhy, které spolu obvykle
netvoii smiSend spolecenstvi. Naptiklad dva druhy australskych pévci, stiizlikovec bélobrvy
(Sericornis frontalis) a modroplastnik nadherny (Malurus cyaneus) dokazou vzajemné
reagovat na své varovné hlasy i v dobé kdy netvoti spole¢né hejno (smiSena hejna tvoii jen
Vv zimnim obdobi) (Magrath et al. 2007). Dal§im takovym piipadem je schopnost vrabce
domaciho (Passer domesticus) a vrabce polniho (Passer montanus) reagovat na varovny hlas
sykory konadry a uletét do tikrytu (Meller 1988).

1.2 Urbanizace

Meéstské prostiedi a celkové rychlda zména pfirozenych habitatl v ¢lovékem vyuZivané

prostiedi pfinési pro zvifata mnoho vyzev. Nej€asteji se mluvi o negativnim dopadu (Angel et



al. 2011). Mezi nejvice diskutované ohrozeni zvitat v méstském prostiedi patii pfimé zabijeni
automobily, vétrnymi elektrarnami (Smallwood 2013), narazem do sklenénych ploch (Sabo et
al. 2016) a drati elektrického vedeni (Tryjanowski et al. 2013). V mensi mife plisobi negativné
1 nahrazeni pfirozené potravy napt. odpadky (Schuyler et al. 2013). Vyznamnym negativnim
faktorem je ztrata habitatu a pfeména piirozeného stanovisté na nové, kterému se musi druhy
adaptovat. Mnoho druhti toho neni schopno a mtze dojit k jejich vymizeni. Nékteré druhy
ovSem jsou schopny urbanni prostfedi osidlovat, a naopak v ném dosahuji velkych denzit
(Grimm et al. 2008). Pfesto vSak nahrazovani ptirozenych habitatli vede vétSinou ke snizovani
celkové diversity (Marzluff 2005, Chace and Walsh 2006). Neopomenutelnym faktorem je
pak i mezidruhova kompetice, ktera mtize mit na diverzitu druhl v urbanizovaném prostredi

také negativni vliv (napt. Sedlacek et al. 2004, Shochat et al. 2010).

Na druhou stranu piinasi urbanizace pro zvifata i mnoho vyhod, jako jsou naptiklad
celoro¢ni zdroje potravy, nové moznosti pro hnizdéni a také vice homogenni a predvidatelné
sezonni podminky (Shochat et al. 2010). Aby mohly tyto vyhody vyuzivat, musi se ale druhy
naucit zpracovavat nové podnéty, vyhybat se novému nebezpeci, zapamatovat si ho a nasledné
se spravné rozhodovat. Moznosti genetické adaptace pro udrzeni tempa s lidskym rozvojem
mohou byt v tomto sméru nedostatecné. Jako hlavni mechanismus adaptace na nové urbanni
prostiedi se tak jevi fenotypickd variabilita daného druhu jesté pted tim, nez ¢eli novym
vyzvam (Gross et al. 2010). Tato, piivodné jen Castecné vyuZivand plasticita pak umoZzni
danému druhu efektivné vyuzivat antropogennim prostiedi, ¢asto efektivnéji nez to pfirozené
(Hendry et al. 2008). Naptiklad bylo zjisténo, Ze samice sykory konladry z méstského prostiedi
jsou rychlejsi v feSenich novych problémi neZli ty, z prostfedi lesniho. Tato schopnost ov§em
nijak neovliviiuje jejich hnizdni usp&$nost (Preiszner et al. 2016). N&ktera zvirata pak vykazuji
mensi bojacnost vii¢i normalné nebezpecnym podnétiim jako je napiiklad clovek (napt. Lin et
al. 2012; Meller 2008, Ducatez et al. 2016). To naznacuje diileZitost uceni se a privykani
novym podnétim (Shriner 1999).

ey

Urbanni prostiedi také limituje vokalizaci druht v ném zijicich, kvili zvySenému
hluku zptusobenému piedevsim dopravou (Marler & Slabbekoorn 2004; McMullen et al.
2014). Napiiklad sykory komadry zpivaji v méstském prostfedi na vysSich minimélnich
frekvencich, aby zabranily prekryti nizkofrekvenénim hlukem vydavanym letadly, auty a
ostatnimi zvukovymi polutanty (Slabbekoorn & Peet 2003). Tento efekt by se mohl projevit i
na varovnych hlasech, i kdyZ pravdépodobné ne tak vyznamné, protoze varovné hlasy jsou

Casto charakteristické vysokymi frekvencemi. Nicméné Potvin et al. (2014) ukazal, Ze



maximalni frekvence varovnych hlasi je u kruhoocka australopacifického (Zosterops
lateralis) v méstském prostfedi nizsi nezli u jedinci obyvajicich venkov. Tato maximalni

frekvence dokonce linearné klesa s nartstajicim hlukem meésta.

Nejednotné jsou ndzory na to, nakolik urbanni prostfedi pfedstavuje riziko predace
pro druhy, vném zijici. Néktefi autofi ukazuji ze urbanni prostfedi ma mensi diverzitu
predatorii a je zde proto nizsi predacni tlak nez v prostiedi ptfirozeném (Shochat et al. 2004).
Naopak jini vyzdvihuji vyznam neptuvodnich, domestikovanych predatort (hlavné kocek —
May 1988; Fitzgerald 1990; Barratt 1997; Woods et al. 2003) a jejich velky tlak na populace
urbannich druhti (hlavné ptakt — Churcher & Lawton 1987; Fitzgerald & Turner 2000). Nelze
tedy usoudit, zda je z pohledu predace urbanni prostiedi vyhodné nebo ne, nicméné je zjevné,

ze 1 v tomto ohledu pfedstavuje pro mnohé druhy vyzvu ve smyslu konfrontace s nezndmymi,

potencialné nebezpe¢nymi druhy.

1.3 Krkavcoviti

Pro studium schopnosti adaptovat se na urbanni prostfedi je vybornym ptikladem celed’
krkavcovitych (Corvidae, Passeriformes). Celosvétové Celed” obsahuje kolem 120 druhd,
z ¢ehoz nejvétsi rod Corvus zahrnuje asi 40 druhti (dos Anjos et al. 2009) a mnoho druhli
opravdu silné tihne k synantropnimu zptsobu zivota (Maklakov et al. 2011). Je zndmo, Ze se
nekterym krkavcovitym v antropogennim prostiedi dafi velmi dobfe, a to zfeyjmée hlavné kvili
jejich inteligenci. U né&kterych druht krkavcovitych byly v posledni dobé prokazany jedny
z nejpokrociljesich kognitivnich schopnosti v rdmci zviteci fiSe (Taylor 2014). Krkavcoviti,
spolecné s papousky, se totiZz mohou pySnit mezi ptaky nejvétSim mozkem v poméru
k velikosti téla (Emery & Clayton 2004). Zaroven zalezi i na po¢tu neuront v palliu, kterych
ma krkavec velky (Corvus corax) vétsi pocet, nezli naptiklad malpy (Cebinae) nebo ara
ararauna (Ara ararauna) (Olkowicz et al. 2016). Mozek krkavce velkého je viibec nejvétsi

mezi vSemi krkavcovitymi (Mlikovsky 2003).

Dalsi zajimavou vlastnosti krkavcovitych je vytvareni komplexniho chovani jako je
naptiklad schopnost vyrabét a pouzivat nastroje (Lefebvre et al. 2002), nebo jejich dovednost
vymyslet nové zpusoby, jak ziskat jidlo, Casto pravé v urbannim prostredi. Naptiklad havrani
(Corvus frugilegus) v Anglii se naucili vytahovat vnitiky popelnic, aby 1épe dosahli na jidlo,
které pak vyhazuji ven pro ostatni ¢leny hejna (Clayton & Emery 2005). Vrany v nékterych

meéstech se pak naucily vyuzivat silni¢ni provoz. V San Franciscu byly naptiklad pozorovany,
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jak Zenou celé hejno holubt pfimo na délnici, kde pak poziraly ty, které srazila auta (Donovan
2015). V japonském Sendai City zase vrany hazi ofechy do silnice na ptechodu pro chodce a

¢ekaji na Cervenou na semaforu, aby ty piejeté mohly posbirat a sezrat (Nikei 1995).

Zaroven jsou krkavcoviti dobrym modelem pro studium antipreda¢niho chovani a
pouzivani varovnych hlast. Velka rozmanitost a vyuzivani téchto hlast je do velké miry
zpusobeno velkou mirou socidlnosti vétSiny krkavcovitych. Dobrym ptikladem je
kooperativné hnizdici sojka kfovinna (Aphelocoma coerulescens), u které s rodicovskou péci
o mlad’ata pomaha nékolik blizce ptibuznych ptakt (Francis et al. 1989) nebo Gymnorhinus
cyanocephalus, zijici v stabilnich hejnech ¢itajici od 50 do 500 jedinct (Marzluff & Balda
1992). Také druhy nevyuzivajici helpery pti hnizdéni Casto tvoti society. Napft. havrani polni
hnizdi kolonidlné, a i po vyhnizdéni se mladi jedinci sdruzuji jak se svymi ptibuznymi, tak i s
nepiibuznymi ptaky (Marshall & Coombs 1957). Obecné je b&zné, ze krkavcoviti vytvari
skupiny nehnizdicich jedinci, které mohou byt i velmi velké a vykazuji slozité socidlni

interakce (Orlaith & Bugnyar 2010).

Bylo prokézéno, ze krkavcoviti umi rozpozndvat a reagovat na varovné hlasy.
Napiiklad krkavec velky nebo vrana americka (Corvus brachyrhynchos) reaguji na playback
varovného volani spolu s vizudlnim stimulem mrtvého jedince a tomuto mistu se pak vyhybaji
(Avery et al. 2008; Peterson & Colwell 2014). Studie Chamberlaina & Cornwella (1971) na
vrané americké ukdzala, Ze tito ptaci pouzivaji mnoho druhli varovnych hlast, které
Vv socialnim kontextu bud’ vybizeji ke shromazdéni nebo k utéku. Cornell et al. (2012) pak
dokazali, Ze jedinci vrany americké se o nebezpeci a predatorech uc¢i od ostatnich jedincii a
nemusi s nim mit pfimou osobni zkuSenost. V dalSich pokusech na vran¢ americké se pak
zjistilo, ze zatimco na playback hlasu nebezpeéného vyra virginského (Bubo virginianus)
reaguji ptaci utékem, na playback hlasu neSkodné kané paskované (Buteo lineatus) nalétavaji
K reproduktoru a vydavaji varovné hlasy, coz vypovida o jejich schopnosti rozeznavat

nebezpecnost predatora pouze podle jeho hlasu (Hauser & Caffrey 1994).

Krkavcoviti také mohou tvofit smiSena hejna. Napt. Lockie (1956) prokazal, Ze havrani
polni a kavky obecné tvofi pii hledani potravy smiSend hejna. SmiSend hejna mohou tvofit 1
jedinci vrany americké a vrany rybi (Corvus ossifragus) (Chamberlain & Cornwell 1971).
Neékteré druhy krkavcovitych zaroven sdili své predatory. K vyznamnym predatorim
evropskych krkavcovitych ptak patii hlavné vyr velky (Bubo bubo) v jehoz potravé se mimo
kavky, vrany nebo straky obecné (Pica pica) muze objevit i krkavec velky (Malafosse 1985).
Ty samé druhy byly objeveny i1 v potravé orla kralovského (Chavko et al. 2007) a obcasnym
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predatorem krkavce muze byt i raroh lovecky (Falco rusticolus). Na hejna kavek na Sicilii

zase porada kooperativni lov raroh jizni (Falco biarmicus) (Leonardi 1999).

Krkavcoviti ptaci jsou tedy diky jejich socialité, velké variabilité varovnych hlast i
tvorbé smisenych mezidruhovych hejn a sdilenim predatortt dobrym modelem pro studium
heterospecifickych varovnych hlast. Presto jsou takové studie dosud vzacné. Pouze
Chamberlain & Cornwell (1971) prokézali, Ze na varovné hlasy vrany americké reaguji i
jedinci vrany rybi. Cilem mé diplomové prace tedy bylo otestovat, zda vrany obecné
v méstském prostiedi stfedoevropského velkomésta (Viden, Rakousko) reaguji na varovné
hlasy kavek obecnych, které zde s nimi Ziji, i kdyz netvoii smiSené hejna, ale sdili predatory.
Studie probihala na izemi Zoologické zahrady, kde vrany Celi neznamym druhiim zvirat,
Z nichz nékterd pro né¢ mohou byt nebezpecnd. Proto jsem porovnavala i1 vyznam kontextu,

vV némz jsou varovné hlasy odposlouchavany, zda je v okoli predator, ¢i nikoliv.



1.4 Literatura citovana v avodu

Avery ML, Tillman EA, Humphrey JS (2008) Effigies for dispersing urban crow roosts. In
R. M. Timm, & M. B. Madon (Eds.), Proceedings of the 23rd Vertebrate Pest
Conference (pp. 84-87). University of California Press, Davis, CA.

Baker MC, Becker AM (2002) Mobbing calls of black-capped Chickadees: Effects of
urgency on call production. Wilson Bulletin 114:510-516.

Barratt DG (1997) Predation by house cats, Felis catus (L.), in Canberra, Australia. 1. Prey
composition and preference. Wildlife Research, 24:263-277.

Blumstein DT, Verneyre L, Daniel JC (2004) Reliability and the adaptive utility of
discrimination among alarm callers. Proceedings of the Royal Society B, Biological
Sciences, 271:1851-1857.

Bradbury JW, Vehrencamp SL (1998) Principles of animal communication. Sinauer
Associates, Sunderland, Massachusetts.

Caro T (2005) Antipredator Defenses in birds and mammals. The University of Chicago
Press, Chicago, IL.

Clayton N, Emery NJ (2005) Corvid cognition. Current Biology, 15:80-81.

Collias NE, Collias EC (1978) Cooperative breeding behaviour in the White-browed Sparrow
Weaver. The Auk: Ornithological Advances, 95:472-484.

Cresswell W, Hilton GM, Ruxton GD (2000) Evidence for a rule governing the avoidance
of superfluous escape flights. Proceedings of the Royal Society B, Biological Sciences,
267:733-737.

Cornell HN, Marzluff JM, Pecoraro S (2012) Social learning spreads knowledge about
dangerous humans among American crows. Proceedings of the Royal Society B:
Biological Sciences, 279:499-508.

Curio E (1978) The adaptive significance of avian mobbing. I. Teleonomic hypotheses and
predictions. Zeitschrift fiir Tierpsychologie, 47:175-183.

Davis JM (1975) Socially induced flight reaction in pigeons. Animal Behaviour, 23:597-601.

dos Anjos L, Debus S, Madge S, Marzluff J (2009) Family Corvidae (crows). In J. del Hoyo,
A. Elliot, & D. A. Christie (Eds.), Handbook of the birds of the world (\Vol. 14, pp. 494-
641). Lynx Edicions, Barcelona, Spain.

Donovan T (2015) Feral Cities: Adventures with animals in the urban jungle. Chicago Review

Press Incorporated, Chicago, IL.



Ducatez S, Audet J-N, Rodriguez JR, Kayello L, Lefebvre L (2016) Innovativeness and
the effects of urbanization on risk-taking behaviors in wild Barbados birds. Animal
Cognition, 20:33-42.

Ebensperger L A, Hurtado MAJ, Ramos-Jiliberto R (2006) Vigilance and collective
detection of predators in degus (Octodon degus). Ethology, 112:879-887.

Edelaar P, Wright J (2006) Potential prey make excellent ornithologists: adaptive, flexible
responses towards avian predation threat by Arabian Babblers Turdoides squamiceps
living at a migratory hotspot. Ibis, 148:664-671.

Elgar MA (1989) Predator vigilance and group size in mammals and birds: a critical review
of the empirical evidence. Biological Reviews, 64:13-33.

Emery NJ, Clayton NS (2004) The mentality of crows: Convergent evolution of intelligence
in corvids and apes. Science, 306:1903-1907.

Emery NJ (2006) Cognitive ornithology: the evolution of avian intelligence. Philosophical
Transactions of the Royal Society B: Biological Sciences, 361:23-43.

Endler JA (1978) A predator’s view of animal color patterns. Evolutionary Biology, 11:319-
64.

Endler JA (1993) Some general comments on the evolution and design of animal
communication systems. Proceedings of the Royal Society B: Biological Sciences,
340:215-225.

Endler JA, Basolo AL (1998) Sensory ecology, receiver biases and sexual selection. Trends
in Ecology & Evolution, 13:415-420.

Fitzgerald BM (1990) Is cat control needed to protect urban wildlife? Environmental
Conservation, 17:168-9.

Fitzgerald BM, Turner DC (2000) Hunting behaviour of domestic cats and their impact on
prey populations. In: The Domestic Cat: the Biology of its Behaviour (Ed. by D.C.Turner
& P.Bateson, 2nd ed., pp. 151-175). Cambridge University Press, Cambridge.

Francis AM, Hailman JP, Woolfenden GE (1989) Mobbing by Florida scrub jays:
behaviour, sexual asymmetry, role of helpers and ontogeny. Animal Behaviour, 38:795—
816.

Gaddis P (1980) Mixed flocks, accipiters, and antipredator behavior. Condor, 82:348-349.

Gaston AJ (1977) Social behaviour within groups of Jungle Babblers (Turdoides striatus).
Animal Behaviour, 25:828-848.

Goodale E, Kotagama SW (2005) Alarm calling in Sri Lankan mixedspecies bird flocks. The
Auk: Ornithological Advances, 122:108-120.

10



Goodale E, Beauchamp G, Magrath RD, Nieh JC, Ruxton GD (2010) Interspecific
information transfer influences animal community structure. Trends in Ecology &
Evolution, 25:354-361.

Greig-Smith PW (1981) The role of alarm responses in the formation of mixed-species fl
ocks of heathland birds. Behavioral Ecology and Sociobiology, 8:7-10.

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J, Bai X, Briggs JM (2008)
Global change and the ecology of cities. Science, 319:756-760.

Gross K, Pasinelli G, Kunc HP (2010) Behavioral plasticity allows short-term adjustment to
a novel environment. American Naturalist, 176:456-464

Guilford T, Dawkins MS (1993) Receiver psychology and the design of animal signals.
Trends in Neurosciences, 6:430-436.

Haftorn S (2000) Contexts and possible functions of alarm calling in the willow tit, Parus
montanus; the principle of ,,better safe than sorry*. Behaviour, 137:437-449.

Hare JF, Atkins BA (2001) The squirrel that cried wolf: reliability detection by juvenile
Richardson’s ground squirrels (Spermophilus richardsonii). Behavioral Ecology and
Sociobiology, 51:108-112.

Harvey PH, Greenwood PJ (1978) Antipredator defense strategies: some evolutionary
problems. In: Behavioural Ecology: an Evolutionary Approach (Ed. by J.R. Krebs &
N.B. Davies, pp. 129-151). Sinauer, Sunderland, Massachusetts.

Hauser MD, Caffrey C (1994) Anti-predator response to raptor calls in wild crows, Corvus
brachyrhynchos hesperis. Animal Behaviour, 48:1469-1471.

Hendry AP, Farrugia TJ, Kinnison MT (2008) Human influences on rates of phenotypic
change in wild animal populations. Molecular Ecology, 17:20-29.

Hogstad O (1995) Alarm calling by Willow Tits, Parus montanus, as mate investment. Animal
Behaviour, 49:221-225.

Hurd CR (1996) Interspecific attraction to the mobbing calls of black capped chickadees
(Parus atricapillus). Behavioral Ecology and Sociobiology, 38:287-292.

Chace JF, Walsh JJ (2006) Urban effects on native avifauna: A review. Landscape and
Urban Planning, 74:46-69.

Chamberlain DR, Cornwell GW (1971) Selected Vocalizations of the Common Crow. The
Auk: Ornithological Advances, 88:613-634.

Chavko J, Danko S, Obuch J, Mihék J (2007) The Food of the Imperial Eagle (Aquila

heliaca) in Slovakia. Slovak Raptor Journal, 1:1-18.

11



Churcher PB, Lawton JH (1987) Predation by domestic cats in an English village. Journal
of Zoology, 212:439-455.

Ito R, Mori A (2010) Vigilance against predators induced by eavesdropping on heterospecific
alarm calls in a non-vocal lizard Oplurus cuvieri cuvieri (Reptilia: Iguania). Proceedings
of the Royal Society B: Biological Sciences, 277:1275-1280.

Ito R, Ikeuchi I, Mori A (2013) A Day Gecko Darkens its Body Color in Response to Avian
Alarm Calls. Current Herpetology, 32:26-33.

lvins BL, Smith AT (1983) Responses of pikas (Ochotna princeps, Lagomorpha) to naturally
occurring terrestrial predators. Behavioral Ecology and Sociobiology, 13:277-285.

Jones KJ, Hill WL (2001) Auditory perception of hawks and owls for passerine alarm calls.
Ethology, 107:717-726.

Kahlert J (2006) Factors affecting escape behaviour in moulting greylag geese Anser anser.
Journal of Ornithology, 147:569-577.

Klump GM, Shalter MD (1984) Acoustic behavior of birds and mammals in the predator
context. Zeitschrift fiir Tierpsychologie, 66:189-226.

Krams I, Krama T (2002) Interspecific reciprocity explains mobbing behaviour of the
breeding chaffinches, Fringilla coelebs. Proceedings of the Royal Society B: Biological
Sciences, 269:2345-2350.

Lea AJ, Barrera JP, Tom LM, Blumstein DT (2008) Heterospecific eavesdropping in a
nonsocial species. Behavioral Ecology, 19:1041-1046.

Leavesley AJ, Magrath RD (2005) Communicating about danger: urgency alarm callingin a
bird. Animal Behaviour, 70:365-373.

Lefebvre L, Nicolakakis N, Boire D (2002) Tools and brains in birds. Behaviour, 139:939—
973.

Leonardi G (1999) Cooperative Hunting of Jackdaws by the Lanner Falcon (Falco
biarmicus). Journal of Raptor Research, 33:123-127.

Lima SL, Dill LM (1990) Behavioral decisions made under the risk of predation: a review
and prospectus. Canadian Journal of Zoology, 68:619-640.

Lin T, Coppack T, Lin Q-X, Kulemeyer C, Schmidt A, Behm H, Luo T (2012) Does avian
flight initiation distance indicate tolerance towards urban disturbance? Ecological
Indicators, 15:30-35.

Lockie JD (1956) The food and feeding behaviour of the jackdaw, rook and carrion crow. The
Journal of Animal Ecology, 25: 421-428.

12



Magrath R, Pitcher B, Gardner J (2007) A mutual understanding? Interspecific responses
by birds to each other’s aerial alarm calls. Behavioral Ecology, 18:944-951.

Maklakov AA, Immler S, Gonzalez-Voyer A, Ronn J, Kolm N (2011) Brains and the city:
big-brained passerine birds succeed in urban environments. Biology Letters, 7:730-732.

Malafosse JP (1989) Quelques données sur le Hibou Grand-duc (Bubo bubo) dans le
département de la Lozére de 1978 a 1984. Le Grand-Duc, 26:26-32.

Marler P (1955) Characteristics of some animal calls. Nature, 176:6-8.

Marler P (1977) The structure of animal communication sounds. In: Recognition of complex
Acoustic Signals (Ed. By L.T.H. Bullock, pp. 17-35). Dahlem Konferenzen, Berlin.
Marler P, Slabbekoorn H (2004) Nature's Music: The Science of Birdsong. Elsevier

Academic Press, San Diego, CA.

Marshall AJ, Coombs CJF (1957) The interaction of enviromental, internal and behavioural
factors in the Rook, Corvus f. frugilegus linnaeus. Journal of Zoology, 128:545-588.

Marten K, Marler PR (1977) Sound transmission and its significance for animal
vocalization. Behavioral Ecology and Sociobiology, 2:271-290.

Martin J, Luque-Larena JJ, Lopez P (2006) Collective detection in escape responses of
temporary groups of Iberian green frogs. Behavioral Ecology, 17:222-226.

Marzluff JM, Balda RP (1992) The Pinyon Jay: Behavioral Ecology of a Colonial and
Cooperative Corvid. T. & A. D. Poyser, London.

Marzluff JM (2005) Island biogeography for an urbanizing world: How extinction and
colonization may determine biological diversity in human dominated landscapes. Urban
Ecosystems, 8:157-177.

Matsuoka S (1980) Pseudo warning call in titmice. Tori, 29:87-90.

May RM (1988) Control of feline delinquency. Nature, 332:392-393.

Maynard Smith J (1965) The evolution of alarm calls. American Naturalist, 99:59-63.

McMullen H, Schmidt R, Kunc HP (2014) Anthropogenic noise affects vocal interaction.
Behavioural Processes, 103:125-128.

Mlikovsky J (2003) Brain size and foramen magnum area in crows and allies (Aves:
Corvidae). Acta Societatis Zoologicae Bohemicae, 67:203-211.

Moller AP (1988) False alarm calls as a means of resource usurpation in the great tit Parus
major. Ethology, 79:25-30.

Moller AP (2008) Flight distance of urban birds, predation, and selection for urban life.
Behavioral Ecology and Sociobiology, 63:63-75.

13



Morton ES (1975) Ecological sources of selection on avian sounds. American Naturalist,
109:17-34.

Miiller CA, Manser MB (2008) The information banded mongooses extract from
heterospecific alarm. Animal Behaviour, 75:897-904.

Munn CA 1986. Birds that ‘cry wolf*. Nature, 391:143-145.

Nikei Y (1995) Variations of behaviour of carrion crows (Corvus coronne) using automobiles
as nutcrackers. Japanese Journal of Ornithology, 44:21-35.

Nuechterlein GL (1981) ‘Information parasitism’ in mixed colonies of western grebes and
Forster’s terns. Animal Behaviour, 29:985-989.

Olkowicz S, Kocourek M, Lu¢an RK, Portes M, Fitch WT, Herculano-Houzelc Z, Némec
P (2016) Birds have primate-like numbers of neurons in the forebrain. Proceedings of
the National Academy of Sciences, 113: 7255-7260.

Orlaith NF, Bugnyar T (2010) The quality of social relationships in ravens. Animal
Behaviour, 79: 927-933.

Owings DH, Coss RG (1977) Snake mobbing by California ground squirrels: Adaptive
variation and ontogeny. Behaviour, 62:50-69.

Peterson S, Colwell M (2014) Experimental evidence that effigies reduce corvid occurrence.
Northwest Naturalist, 95:103-112.

Potvin DA, Mulder RA, Parris KM (2014) Silvereyes decrease acoustic frequency but
increase efficacy of alarm calls in urban noise. Animal Behaviour, 98:27-33.

Poulton EB (1890) The Colours of animals: Their meaning and use especially in the case of
insects. Kegan Paul, Trench, Trubner & Co, London, UK.

Preiszner B, Papp S, Pipoly I, Seress G, Vincze E, Liker A, Bokony V (2016) Problem-
solving performance and reproductive success of great tits in urban and forest habitats.
Animal Cogpnition, 20:53-63.

Pulliam HR (1973) On the advantages of flocking. Journal of Theoretical Biology, 38:419-
422.

Ragusa-Netto J (2002) Vigilance towards raptors by nuclear species in bird mixed flocks in
a Brazilian savannah. Studies on Neotropical Fauna and Environment, 37:219-226.

Rainey HJ, Zuberbiihler K, Slater PJB (2004) Hornbills can distinguish between primate
alarm calls. Proceedings of the Royal Society B: Biological Sciences, 271:755-759.

Rasa OAE (1983) Dwarf mongoose and hornbill mutualism in the Taru desert, Kenya.

Behavioral Ecology and Sociobiology, 12:181-190.

14



Rogers DI, Piersma T, Hassell CJ (2006) Roost availability may constrain shorebird
distribution: exploring the energetic costs of roosting and disturbance around a tropical
bay. Biological Conservation, 133:225-235.

Rydén O (1978) Differential responsiveness of great tit nestlings, Parus major, to natural
auditory stimuli. Zeitschrift fiir Tierpsychologie, 47:236-253.

Sabo AM, Hagemeyer NDG, Lahey AS, Walters EL (2016) Local avian density influences
risk of mortality from window strikes. Peer J, 4:e2170
https://doi.org/10.7717/peerj.2170.

Sedlacek O, Fuchs R, Exnerova A (2004) Redstart Phoenicurus phoenicurus and black
redstart P. ochruros in a mosaic urban environment: Neighbours or rivals? Journal of
Avian Biology, 35:336-343.

Seyfarth RM, Cheney DL, Marler P (1980) Vervet monkey alarm calls: evidence of predator
classification and semantic communication. Science, 210:801-803.

Sherman PW (1977) Nepotism and the evolution of alarm calls. Science, 197:1246-1253.

Shochat E, Lerman SB, Katti M, Lewis DB (2004) Linking optimal foraging behavior to
bird community structure in an urban-desert landscape: Field experiments with artificial
food patches. American Naturalist, 164:232—-243.

Shochat E, Lerman SB, Anderies JM, Warren PS, Faeth SH, Nilon CH (2010) Invasion,
competition, and biodiversity loss in urban ecosystems. Bioscience, 60:199-208.
Shriner WM (1998) Yellow-bellied marmot and golden-mantled ground squirrel responses

to heterospecific alarm calls. Animal Behaviour, 55:529-536.

Shriner WM (1999) Antipredator responses to a previously neutral sound by free-living adult
golden-mantled ground squirrels, Spermophilus lateralis (Sciuridae). Ethology,
105:747-757.

Schuyler Q, Hardesty BD, Wilcox C, Townsend K (2013) Global analysis of anthropogenic
debris ingestion by sea turtles. Conservation Biology, 28:129-139.

Simmons RE (2000) Harriers of the world: their behaviour and ecology. Oxford University
Press, New York, NY.

Sirot E (2006) Social information, antipredatory vigilance and flight in bird flocks. Animal
Behaviour, 72:373-382.

Slabbekoorn H, Peet M (2003) Birds sing at a higher pitch in urban noise. Nature, 424:267.

Smallwood KS (2013) Comparing bird and bat fatality rate estimates among North American
wind energy projects. Wildlife Society Bulletin, 37:19-33.

Smith S, Hosking E (1955) Birds Fighting. Farber and Farber, London, UK.

15



Stevens M, Merilaita S (2009) Introduction. Animal camouflage: current issues and new
perspectives. Philosophical Transactions of the Royal Society B: Biological Sciences,
364:423-4217.

Sullivan K A (1985) Selective alarm calling by Downy Woodpeckers in mixed-species flocks.
The Auk: Ornithological Advances, 102:184-187.

Taylor AH (2014) Corvid cognition. WIREs Cognitive Science, 5:361-372.

Templeton CN, Greene E, Davis K (2005) Allometry of alarm calls: Black-capped
chickadees encode information about predator size. Science, 308:1934-1937.

Templeton CN, Greene E (2007) Nuthatches eavsedrop on variations in heterospecific
chickadee mobbing calls. Proceeding of the National Academy of Sciences of the United
States of America, 104:5479-5482.

Thayer GH (1909) Concealing-coloration in the animal kingdom. McMillan, New York, NY.

Treherne JE, Foster WA (1981) Group transmission of predator avoidance behaviour in a
marine insect: the Trafalgar effect. Animal Behaviour, 29:911-917.

Tryjanowski P, Sparks TH, Jerzak L, Rosin ZM, Skorka P (2013) A paradox for
conservation: electricity pylons may benefit avian diversity in intensive farmland.
Conservation Letters doi: 10.1111/conl.12022.

Vitousek MN, Adelman JS, Gregory NC, St Clair JJH. (2007) Heterospecific alarm call
recognition in a non-vocal reptile. Biology Letters, 3:632-634.

Wheeler BC (2008) Selfish or altruistic? An analysis of alarm call function in wild capuchin
monkeys, Cebus apella nigritus. Animal Behaviour, 76:1465-1475.

Wickler W (1973). Nachahmung und Tduschung in der Natur. Kindler Verlag GmbH,
Miinchen, GE.

Wiley RH, Richards DG (1978) Physical constraints on acoustic communication in the
atmosphere: implications for the evolution of animal vocalisations. Behavioral Ecology
and Sociobiology, 3:69-94.

Witkens SR, Ficken MS (1979) Chickadee alarm calls: Does mate investment pay dividends?
Animal Behaviour, 27:1275-1276.

Woods M, McDonald RA, Harris S (2003) Predation of wildlife by domestic cats Felis catus
in Great Britain. Mammal Review, 33: 174-188.

Zuberbiihler K (2000) Interspecies semantic communication in two forest primates.

Proceedings of the Royal Society B: Biological Sciences, 267:713-718.

16



Manuskript

BILA, K., BERANKOVA, J., VESELY, P., BUGNYAR, T., SCHWAB, CH. (2017)
Responses of urban crows to con- and hetero-specific alarm calls in predator and non-

predator zoo enclosures. Animal Cognition, 20: 43-51.

17



Anim Cogn
DOI 10.1007/s10071-016-1047-5

@ CrossMark

ORIGINAL PAPER

Responses of urban crows to con- and hetero-specific alarm calls
in predator and non-predator zoo enclosures

KateFina Bila' - Jana Berankova' - Petr Vesely' - Thomas Bugnyar? +

Christine Schwab>®

Received: 27 April 2016/Revised: 12 October 2016/ Accepted: 17 October 2016

© Springer-Verlag Berlin Heidelberg 2016

Abstract Urban animals and birds in particular are able to
cope with diverse novel threats in a city environment such
as avoiding novel, unfamiliar predators. Predator avoid-
ance often includes alarm signals that can be used also by
hetero-specifics, which is mainly the case in mixed-species
flocks. It can also occur when species do not form flocks
but co-occur together. In this study we tested whether
urban crows use alarm calls of conspecifics and hetero-
specifics (jackdaws, Corvus monedula) differently in a
predator and a non-predator context with partly novel and
unfamiliar zoo animal species. Birds were tested at the
Tiergarten Schonbrunn in the city of Vienna by playing
back con- and hetero-specific alarm calls and control
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stimuli (great tit song and no stimuli) at predator (wolf,
polar bear) and non-predator (eland antelope and cranes,
peccaries) enclosures. We recorded responses of crows as
the percentage of birds flying away after hearing the
playback (out of those present before the playback) and as
the number of vocalizations given by the present birds. A
significantly higher percentage of crows flew away after
hearing either con- or hetero-specific alarm calls, but it did
not significantly differ between the predator and the non-
predator context. Crows treated jackdaw calls just as crow
calls, indicating that they make proper use of hetero-
specific alarm calls. Responding similarly in both contexts
may suggest that the crows were uncertain about the threat
a particular zoo animal represents and were generally
cautious. In the predator context, however, a high per-
centage of crows also flew away upon hearing the great tit
control song which suggests that they may still evaluate
those species which occasionally killed crows as more
dangerous and respond to any conspicuous sound.

Keywords Alarm call - Carrion crow - Conspecific signal -
Hetero-specific signal - Communication - Predator
avoidance - Inter-specific signalling

Introduction

Urbanization is one of the greatest environmental changes
of recent times (Gaston 2010). Moderate human distur-
bance connected with urbanization can increase the biotic
diversity of an ecosystem or community (including birds—
Pellissier et al. 2012; Ferenc et al. 2014). However, more
intense human activities connected with dramatic changes
in the environment cause an abrupt decline in species
richness including birds (Jokimiki and Suhonen 1993).
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Nevertheless, animals that is able to adapt to highly
urbanized areas may profit from year-round availability of
food (Galbraith et al. 2015) or lower number of natural
predators (Gering and Blair 1999; Jokimiki and Huhta
2000) and as a result can occur in great numbers. Such an
effect was observed for example in Black-billed Magpies
in Poland (Jerzak 2001) showing that magpies’ abundance
increased three times faster in urban than rural areas
between 1982 and 1996 and urban magpies had higher
breeding success at the same time.

Although predation pressure by natural predators in
urban areas may be lower than in rural areas (Gering and
Blair 1999; Jokimiki and Huhta 2000; Lopez-Flores et al.
2009; Evans et al. 2015), there is an increased possibility to
encounter non-familiar species that might potentially be
dangerous (especially domestic cats—Kauhala et al. 2015).
Recent studies indicate that some urban birds may develop
a new defence strategy after being captured by a predator
(Mgller and Ibifiez-Alamo 2012). However, it might be
more efficient to develop strategies that prevent the pre-
dation event in the first place (Bonnington et al. 2015; Caro
2005). Animals could be adapted to perceiving dangerous
species as such, irrespective of their personal experience
with them, and recognize them thanks to the ability to
generalize their specific features (e.g. frontally positioned
eyes or shape of teeth and beak—Griffin et al. 2001; Goth
2001; Zaccaroni et al. 2007; Ferrari et al. 2007; Binazzi
etal. 2010 but see Azevedo and Young 2006 or Schetini de
Azevedo et al. 2012). Alternatively, species with highly
developed social cognition like corvids might learn about
the possible danger of unfamiliar species indirectly via the
anti-predator behaviour of other members of the society
that are already experienced (Marzluff et al. 2010). Little is
known about which strategy is favoured under urban
conditions.

Animals show various ways of avoiding predation,
among which, vigilance and the use of alarm signals are the
most common, especially in social animals (Elgar 1989;
Lima and Dill 1990; Beauchamp 2015). Acoustic alarm
calls [especially those responding to aerial predators—see
Evans and Evans (2007) for review] are usually uniform,
making it difficult for the predator to locate the signaller
(Marler 1955). Several examples demonstrate that it is
advantageous for birds to respond not only to the alarm
calls of their own species but also to those of other birds
(Hurd 1996; Goodale et al. 2010), or mammals (e.g. Hauser
1988; Shriner 1998; Zuberbiihler 2000; Rainey et al. 2004;
Randler 2006; Flower 2011; Magrath et al. 2015). Often
these species occur in mixed-species groups (Sullivan
1984; Forsman and Monkkonen 2001; Goodale and Kota-
gama 2008; but see Mgller 1988 for an example of birds
that do not form associations). They may either use very
similar alarm calls or recognize a set of different calls of

@ Springer

the associated species, which have the potential to encode
information about specific predators (Munn 1984; Sullivan
1984; Griffin et al. 2005).

Our model species, the carrion crow (Corvus corone), is
a widespread synanthropic species that adapts easily to
human-dominated environments (Kover et al. 2015), most
likely due to their highly developed cognitive and learning
abilities. For example, crows in urban areas can recognize
not only specific humans but also a specific car or the exact
time at which zookeepers throw fishes to penguins and
milk bottles are delivered to people’s doorsteps, so they
can catch the fishes or open and drink from the milk bottles
[reviewed in Milius (2011)].

Crows are dominant over most other corvid species like
jackdaws (Corvus monedula), magpies (Pica pica) or rooks
(Corvus frugilegus) and usually do not form mixed-species
flocks (Rolando and Giachello 1992). Yet, similar to other
corvids, crows face medium-sized carnivores (red fox
Vulpes vulpes, and in urban areas especially domestic dogs
Canis lupus familiaris and cats Felis catus) and birds of
prey (goshawk Accipiter gentilis) as the main predators
(Randler 2008). To our knowledge, nothing is known about
the role of hetero-specifics in the anti-predator behaviour of
carrion crows, notably if they pay attention to, and coop-
erate with, other corvid species in respect of predator
detection and defence.

In this study we were interested in whether carrion
crows’ adaptations to and perception of threat extends
beyond their common set of predators: we tested wild
urban birds in a predator and a non-predator context at the
Tiergarten Schonbrunn, the zoo of Vienna, Austria, both of
which were represented through species that crows usually
do not encounter (with the exception of wolves) in their
natural habitats, such as polar bears or peccaries. We fur-
ther tested whether urban crows foraging in the enclosures
of these zoo animals were equally responsive to conspecific
alarm calls and to hetero-specific alarm calls of jackdaws
with which they usually do not form mixed-species groups,
but they can co-occur in the same area.

We predicted that (1) crows should respond primarily to
conspecific rather than hetero-specific alarm calls, because
crows and jackdaws do not live in mixed-species associa-
tions; (2) crows should respond to conspecific alarm calls
more strongly in the predator than the non-predator con-
text, based on their adaptation to their perception of species
as risky or non-risky (assuming a predisposition to recog-
nize traits shared across predators) and/or based on their
experience with those species (assuming memory for pre-
vious predation events); (3) if crows, however, would
respond to hetero-specific alarm calls (e.g. due to their co-
occurrence with jackdaws in the area), they also should do
so more strongly in the predator than in the non-predator
context.
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Methods
Study site and study species

Our study species was a wild population of the carrion
crow (C. corone) inhabiting the area at and around the zoo
of Vienna (Tiergarten Schonbrunn), Austria. This popula-
tion comprises individuals of both subspecies recognized in
Europe (C.c. corone, C.c. cornix; Cocker and Mabey 2005)
together with fertile hybrids of these two forms (we refer to
both subspecies and their hybrids as “crows” hereafter).
Our previous research based on captures and individual
marking showed that there are 2040 territorial breeding
pairs within this population depending on the year, while
the rest of the birds represent non-breeders of different age
classes. We ran the experiment from August to October
2014. During the time of the study, the average number of
crows observed on a daily basis at the zoo was 55 £+ 23
crows (mean £ SD) (Uhl et al., unpublished).

Experimental areas

As experimental areas we chose four enclosures at the zoo
of which two represented a predator and two represented a
non-predator context. For the predator context, we used the
zoo enclosures of polar bears (Ursus maritimus) and
wolves (Canis lupus). Both species have the ability to catch
and kill crows. The animal keepers at the zoo report one to
two crows each year being killed by both polar bears and
wolves (they have additionally been observed to catch
other birds including pigeons and peacocks). Wolves are
familiar to European populations of crows as predators (at
least from an evolutionary point of view), as crows com-
monly scavenge on wolves’ prey (Young et al. 2014),
while polar bears are not. For the non-predator context, we
chose the joint enclosure of the common eland (Tauro-
tragus oryx) and African crowned crane (Balearica regu-
lorum), and the enclosure of the collared peccary (Tayassu
tajacu). None of these species have been reported to harm
crows and thus were considered to pose no threat to crows.

The polar bear enclosure (area of approx. 1570 m?) was
very diverse with many water surfaces and high rocks in it,
the latter representing hiding and/or observing places for
crows. There are no trees within the enclosure, but there are
many in its immediate surroundings. Polar bears were
provided with a diet consisting of meat (chicken, fish),
vegetables and fruits (carrot, apples, oranges). The wolf
enclosure (approx. 2410 m?) was situated in the sparse
forest of the zoo, incorporating many tall and some fallen
trees. The wolves’ diet consisted exclusively of meat
(chicken, rabbit, pork and beef). The eland and crane
enclosure (approx. 1260 m’®) contained a small mound and

scattered trees. The food provided in this enclosure con-
sisted of a mixture of grain and hay. The collared peccary
enclosure was the smallest (approx. 550 m?) but diverse
with some fallen trees, rocks and bushes. Food here con-
sisted mainly of vegetables (carrot, cabbage) and bread.
Taken together, the enclosures differed not only in respect
to predation risk but also in respect to shelter, food quality
and food distribution. Replicates of different enclosure
types were not available for those species in the zoo. We
consequently fitted enclosure as a random term in our
analyses.

Experimental conditions and stimuli

We ran the experiment in four conditions: (1) in the con-
specific condition we played back a conspecific (=crow)
alarm call. (2) In the hetero-specific condition we played
back a hetero-specific (=jackdaw) alarm call. (3) In the
playback control condition we played back a hetero-
specific (=great tit, Parus major) song and (4) in the no
playback condition we did not play back any stimulus. The
reasoning behind the latter two conditions was (a) to pro-
vide a general sound control (condition 3; note that instead
of a great tit song we could have used any other type of
non-alarm sound or noise) and (b) to have a situation in
which we could score the crows’ behaviour undisturbed by
any playback (condition 4).

All playbacks used were derived from male birds. For
the conspecific condition, we used calls from four unfa-
miliar, i.e. not members of the zoo population, male crows
and each bird was represented with three recordings in the
sample. Calls of crows were recorded between September
2011 and October 2012 in an aviary setting when birds
were confronted with an unknown human intruder carrying
a large object (backpack) using a Marantz PMDG661 digital
recorder and a Sennheiser MEGS directional microphone
on a K6 module. For the hetero-specific condition, we used
calls from four unfamiliar male jackdaws and each bird
again was represented with three recordings in the sample.
Calls of jackdaws were recorded between October 2007
and February 2008 using a Sony TCD-D100 digital audio
recorder and a Sennheiser ME6S directional microphone,
while the birds were foraging in the flock on the meadow
near the Konrad Lorenz Research Station in Upper Austria
when birds were confronted with natural enemies (mostly
bird of prey flyovers). Sound files for the con- as well as
hetero-specific condition were saved as.wav files with a
sampling rate of 48 kHz and a 16-bit amplitude resolution.
For the con- as well as hetero-specific condition, only calls
with little to no background noise were used for the
experiment. Figure 1 shows representatives of used alarm
calls of crows (Fig. 1a) and jackdaws (Fig. 1b). For the
playback control condition, we used one recording of a
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Fig. 1 Spectrogram of three (kHz)
typical alarm calls of carrion
crow (C. corone)—(a), and 6 4 A
jackdaw (C. monedula)—(b)
used in our playback
experiments 44
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singing unfamiliar male great tit purchased from a bird
song database (Schulze 2003). As this was a control con-
dition, we did not expect any variability in responses to
various great tit songs; therefore, we used only one song,
typical for the middle-European population. All playback
stimuli were edited in audacity 2.0.6 in a way that they
consisted of three syllables with total time duration of 2 s.
The volume was set to the equal level in all recordings as
well as on the playback devices. For the no playback
condition, we did not play any playback, and we just
observed the natural behaviour of crows during feeding the
200 animals.

Experimental procedure

We ran one trial per session which reflected one of the
conditions. A trial started right after the zoo animals had
been fed in the respective enclosure to increase the chances
that a high number of crows would attend the feeding and
access the enclosure. However, we started the trial only if
there were at least five crows within the respective enclo-
sure. The mean number of crows present before the play-
back was 10.9 (min = 5, max = 41, SE = 6.2). A trial
consisted of a 3-min baseline during which we recorded the
number of crows present and assured that the presence of
the experimenters did not cause the birds to fly away or
trigger any other wary behaviour in the birds. Then we
played back the particular stimulus for the respective
condition. Each stimulus was only played back once per
trial. We recorded the birds’ response during the following
1 min. Stimuli were played from a loudspeaker (Mipro MA
101-C), and trials were videotaped (camcorder JVC Everio
GZ-HM445BE). During each trial, there were always two
experimenters present (altogether there were three experi-
menters: K.B., I.B., A.P.) who stood among the zoo visitors
outside the enclosure and recorded the birds’ responses that
were outside the angle of the camera.

We recorded the number of crows present in the
enclosures 10 s before and 60 s after the playback. Those
birds that left the enclosure within the I-min period
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following the stimulus playback were defined as birds
‘flying away’. We noted if crows that were ‘flying away’
landed after a short flight in close proximity to the enclo-
sure, i.e. on the nearest trees, buildings or other elevated
places, or kept flying until they were outside the experi-
menter’s view. From those crows that stayed in the
enclosure during the 1-min period after the playback, we
counted the number of uttered calls. The total number of
calls was then corrected by the number of crows present
after the playback. In the no playback control condition, we
recorded the number of crows present within the enclosure
at the same time that corresponded to the time before
playing back the stimulus in the other conditions, as well as
the number of birds flying away and the number of
vocalizations in the 1 min that otherwise followed the
stimulus presentation.

We conducted one trial each in two different enclosures
per day. The order of conditions was counterbalanced
within and between enclosures with the restriction that we
did not conduct the same condition in a given enclosure on
two consecutive test days to avoid potential habituation.
We conducted ten trials per condition, i.e. 40 trials, in the
predator context (five trials per condition in the polar bear
and five trials per condition in the wolf enclosure) and 12
trials per condition, i.e. 48 trials, in the non-predator con-
text (six trials per condition in the eland and crane enclo-
sure and six trials per condition in the peccary enclosure).

Statistical analysis

For both behavioural responses, we ran a generalized linear
mixed effect model (GLMM).

We undertook a preliminary analysis in which we
compared the percentage of crows flying away within the
predator and non-predator condition by forming a gener-
alized linear mixed effect model (GLMM) under equal
settings as described below. The particular pairwise com-
parisons of categorical predictor zoo animal species were
computed using post hoc Fisher LSD tests. We did not find
any significant differences in the percentage of crows
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flying away after the playback between the wolf and bear
enclosures (Fisher LSD test, Z = 0.711, P = 0.325; see
below for details of statistical methods) or between eland
and peccary enclosures (Fisher LSD test, Z = 0.659,
P = 0.602). Therefore, we pooled the data and coded them
for the predator (wolf and bear) and non-predator context
(eland and peccary) for subsequent analyses.

For the first model we used the percentage of birds,
which flew away from the feeding place after the playback
out of those which were present before the playback as
response variable (counted as binomial proportion using
command cbind in R). These data followed the gamma
distribution. For the second model, we used the number of
vocalizations given after the playback corrected for the
number of crows present after the playback fitted as a
Poisson distribution.

Both models included only two predictors, the condition
(conspecific, hetero-specific, playback control, no play-
back) and context (non-predator and predator) and their
interaction. Species of animal in each enclosure (bear,
wolf, eland, and peccary) and the identity of the used
playback (four crows, four jackdaws, one great tit song and
one silence) were included as random factors in a random
slope model. A likelihood ratio Chi-square test was used to
assess the effect of the predictor. Post hoc test following
the binomial distribution (Fisher LSD test) with Tukey’s
correction was used to compare particular values of cate-
gorical predictors. All statistical analyses were computed in
R 3.2.1 (R Development Core Team 2015).

Results
Behavioural response to playbacks

The percentage of crows flying away at the respective
enclosure after the playback was significantly affected by
the interaction of the predictors condition and context
(Table 1). Comparing conditions within contexts showed
that in the non-predator context, the percentage of crows that

flew away at the enclosure both in the conspecific as well as
hetero-specific condition was significantly lower than in the
playback control condition (Fisher LSD test, conspecific:
Z=4.154, P <0001; hetero-specific: =~ Z = 4.821,
P < 0.001; Fig. 2) as well as than in the no playback con-
dition (Fisher LSD test, conspecific: Z = 4.825, P < 0.001;
hetero-specific: Z = 5.151, P < 0.001; Fig. 2). There was
no difference between the conspecific and hetero-specific
condition (Fisher LSD test, Z = 0.511, P = 0.998; Fig. 2).
Hence, most crows flew away after hearing alarm calls,
irrespective of the species producing the call. Playback
control and no playback conditions did not differ signifi-
cantly from each other (Fisher LSD test, Z = 0.211,
P = 0.999; Fig. 2).

In the predator context, the percentage of crows that
flew away from the enclosure both in the conspecific as
well as hetero-specific condition was also significantly
lower than in the no playback condition (Fisher LSD test,
conspecific: Z=3.652, P <0.001; hetero-specific:
Z = 3.621, P < 0.001; Fig. 2), but it did not significantly
differ from the playback control condition (Fisher LSD
test, conspecific: Z = 1.801, P = 0.621; hetero-specific:
Z =1.807, P = 0.601; Fig. 2). There was no difference
between the conspecific and hetero-specific condition
(Fisher LSD test, Z = 0.099, P = 0.999; Fig. 2). Again,
the playback control and no playback condition did not
significantly differ from each other (Fisher LSD test,
Z =2.099, P = 0425, Fig. 2).

Comparing conditions between contexts showed that the
percentage of crows that flew away from the enclosure did
not significantly differ between the non-predator and
predator context in any of the conditions (Fisher LSD tests;
conspecific: Z=0.509, P =0.999; hetero-specific:
Z =0.900, P=0.989; playback control: Z = 2.111,
P = 0.321; no playback: Z = 0.398, P = 0.997; Fig. 2).

Vocalizations

The number of calls performed by crows after the playback
(ranging from 0 to 65, mean = 4.15) was not significantly

Table 1 Results of the

. : : Response variables
generalized linear mixed effect P

Predictor variables Chi-square df P value

models run on both response
variables

Vocalizations

Proportion of crows that flew away

Condition 5321 3 <0.001
Context 0.258 1 0.631
Condition x context interaction 61.225 7 <0.001
Condition 0.625 3 0.358
Context 0.211 1 0.823
Condition x context interaction 0.784 7 0.901

The animal species, in which enclosure the experiment was conducted and the caller identity was included
as random factors. Conditions = conspecific, hetero-specific, playback control, no playback: con-
text = non-predator and predator. Significant effects are shown in bold
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Fig. 2 Percentage of crows that a
flew away from the enclosure

b b A A AB B

after the playback out of all 100 1

crows that were present at the
enclosure before the playback.

Bars represent four test
conditions: conspecific, hetero-
specific, song control and no
playback control condition.

80

White bars represent non- 60
predator context, i.e. eland and
crane and peccary enclosure,
grey bars represent predator
context, i.e. polar bear and wolf
enclosure. Letters above each
bar refer to significant
differences (a different from b,
ab different from neither a nor
b) among the non-predator
context (lower case) and the
predator context (upper case) 0

40

20

percentage of crows flying away

nonpredator context

affected by condition, context or the interaction of condi-
tion and context (Table 1).

Discussion

Crows in this study clearly responded, by flying away upon
the playback of the respective stimulus, in the two alarm
call conditions (conspecific = crow call and hetero-speci-
fic = jackdaw call) compared to the two control conditions
(playback control = great tit song, and no playback = no
stimulus). However, contrary to our predictions, crows
responded equally to the conspecific and hetero-specific
alarm calls although crows and jackdaws differ in their
feeding (Lockie 1955) and defence ecology (Roell and
Bossema 1982), and crows may even represent one of
jackdaws’ predators (Bossema et al. 1976).

Response to hetero-specific alarm calls

One possible explanation for the use of jackdaw alarm calls
by crows is that crows learned about the calls during
encounters with jackdaws. Hetero-specific alarm call
recognition is often learned when species encounter the
same predation events [e.g. Cully and Ligon (1976) for
corvids]. However, the probability of crows and jackdaws
regularly encountering predatory events in Vienna is low:
Vienna hosts roughly 2000-4500 crow breeding pairs but
only around 40 jackdaw breeding pairs (data from BirdLife
Austria, pers. information). Notably, there are hardly any
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predator context

jackdaws at Vienna Zoo: although some birds may pass by
from time to time, not a single jackdaw was seen during the
entire period of the current study. Yet, many crows found
in the Vienna Zoo roam in a much greater area in and
around Vienna. Occasional experience of these crows with
alarm-calling jackdaws may be enough for establishing a
learned response in the local population [compare Marzluff
et al. (2010)].

An alternative explanation for our results is that jack-
daws’ alarm calls are acoustically similar to those of crows
and have convergent acoustic attributes like speed of rep-
etition, duration and frequency (Jensen et al. 2008; Fig. 1).
A similar response to hetero-specific alarm calls as found
in this study has been shown by Johnson et al. (2003) on
Australian mud-nesting apostlebirds (Struthidea cinera).
These birds are able to react appropriately to the alarm
calls of allopatric species, Carolina wrens, Thryothorus
ludovicianus, which they could never hear before. Follow-
up experiments revealed that apostlebirds react even to the
narrow-band pulses of noise played back at the same tempo
(Johnson et al. 2003). This result suggests that birds may be
able to generalize their response to alarm calls to any other
similar sounds.

Finally, we would like to note that we kept the
number of playback conditions and trials to a minimum
to avoid any potential habituation to the stimuli. We thus
cannot rule out that the crows would have responded to
any sound of a conspecific and hetero-specific corvid in
a similar way as to the alarm calls. Future studies testing
crows with other corvid calls of different meaning but of
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similar valence and/or arousal level (e.g. defensive calls)
may clarify whether the strong responses of crows found
in this study are specific to the playback of alarm calls
or not.

Response to con- and hetero-specifics in the
non- and predator context

Unexpectedly, our results showed that crows responded to
con- and hetero-specific alarm calls equally in the predator
as well as in the non-predator context. This high caution to
any alarm call despite the potential risk is in conflict with
the study of Wascher et al. (2015), where crows were
shown to be able to precisely evaluate the reliability of
alarms and detect the cheaters.

This high level of caution is even more surprising given
the fact that the crow population of this study lives in a
large city (Vienna has about 1.8 mio inhabitants and an
area of about 414 km?). Urban populations of corvids were
shown to be generally less shy than corvids in rural habitats
because they commonly encounter potentially dangerous
situations and learn to cope with them (Houston 1977;
Knight 1984; Knight et al. 1987). Urban species like crows
must be able to adjust to novel competitors, food sources,
dangers and many other factors. And crows, showing
sophisticated cognitive abilities, are very successful at
adapting to life in the city (McGowan 2001). Therefore, we
might expect that crows would be able to assess the amount
of potential threat that a particular zoo animal represents
and react less to the alarm calls under the non-risky
conditions.

On the other hand, the zoo environment in this study
may be just the explanation of the generally high caution of
the crows foraging within the zoo animal enclosures.
Zoological gardens embrace a large array of exotic ani-
mals, which may represent varying threats to crows. Most
of these animals are unfamiliar to them and they have no
mutual evolution. Further, animals kept in captivity may
represent danger to native bird populations, even when
birds are usually not part of their normal diet in the wild
(Stearns et al. 1988; Ross et al. 2009). Therefore, crows
may not be able to precisely evaluate the potential risk they
may encounter in particular enclosures. The safest strategy
in such case for them may be to rather respond to any alarm
call. This finding is, however, in contrast to the relatively
high flexibility of corvids in learning about novel, unfa-
miliar predators and risks such as in Marzluff et al.’s
(2010) study on American crows, which readily learned to
differentiate between humans that were catching crows or
not.

Another possibility could be that the crows in Vienna
Zoo are well experienced with the local setting and can
judge the degree of threat represented by different zoo

animals; yet, they keep on responding to (played back)
alarm calls because these might warn from other unknown
and/or hidden dangers like an approaching bird of prey,
irrespective of enclosure type. Hence, the crows’ flight
responses do not reflect the threat perceived from a par-
ticular zoo animal, but are the result of a general arousal
upon hearing alarm calls. According to this explanation,
the crows’ arousal level seems to be similar upon hearing
con- and hetero-specific alarm calls.

Still, crows in this study seemed to be able to roughly
assess potential threats by the zoo animals which is sup-
ported by the result that the crows responded equally to the
playback control (song of a great tit) and a conspecific
alarm when they were in polar bears or wolves enclosures,
i.e. in the predator context, whereas they flew away sig-
nificantly less, when the playback control was presented in
the non-predator context. Although this suggests a higher
wariness with predators, this interpretation has to be treated
with caution as the response to the playback control did not
differ significantly between predator and non-predator
context. The possibility of crows being cautious with
wolves is not surprising given that crows have a long co-
evolution with these predators. Nevertheless, to our
knowledge, crows lack any co-evolution with polar bears.
It is possible that the reason for their caution with both
species lies in experiencing their predatory behaviour.
According to the zookeepers’ personal observations crows
are caught and eaten by polar bears and wolves from time
to time. Crows witnessing such an event may thus lead to
their very high caution towards these animals. However, it
can be expected that only a few crows ever witnessed
conspecifics being killed by wolves and bears, but still they
may transfer their caution to other crows which do not have
such a personal experience since they can quickly socially
transmit knowledge about a novel artificial predator also
even across generations (Cornell et al. 2012; Marzluff et al.
2010).

Predatory risk of the species kept in the enclosure is
certainly only one out of several factors that could have
influenced the crows’ wariness and thus responsiveness to
the playback of alarm calls. Unfortunately, our set-up does
not allow us to experimentally test possible effects of
environmental features of the enclosures like the degree of
forestation or openness, as we do not have multiple
forested or open enclosures with the same species avail-
able. Yet, aside of predatory risk, our data do not reveal a
consistent pattern regarding these environmental features:
crows showed highest vigilance at the enclosure of wolves,
which is covered by a forest, and at the enclosure of polar
bears, which is exactly the contrary, open but jagged.
Moreover, the high readiness of crows to leave a predator
enclosure is in contrast to the high-nutrition food (meat)
available there.
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Warning others

Contrary to the flying away behaviour, the vocalization of
crows after the playback was not affected by the playback
type, or the experimental condition. Crows gave few calls
after the playback and very often they did not call at all.
Crows rather reacted in the safest way, namely, flying away
as a response and refrained from giving vocalizations
themselves. This is quite surprising in such a social bird
[see Warrington et al. (2015)]; nevertheless, crows
responded already to an alarm call, not to a real,
approaching predator. Alarm calls are usually produced
after the predator encounter (Gill and Bierema 2013):
therefore, the proper response to the alarm call is flying
away rather than alarm calling. Moreover, the calls recor-
ded after the playback stimulus should probably spread the
alarm further. Therefore, their occurrence might also
depend on the presence of eavesdroppers in the surround-
ing enclosures. Unfortunately, we had no possibility to
check for all crows present in the larger surrounding of the
enclosure, and the effect of the presence of eavesdroppers
on the vocalization could not been tested.

To conclude, our study showed that crows respond
strongly to conspecific and hetero-specific alarm calls
regardless of the risk of predation, which may be the result
of low familiarity with the zoo animals and the threat they
may represent or a general wariness for unexpected events,
irrespective of the enclosure type. Personal or socially
transmitted experience with crows being killed may
enhance crows’ caution insofar that crows may fear almost
any suspicious sound in the enclosures of potential crow
predators. Our study further shows that studying the
antipredatory behaviour in the context of zoos, where
unfamiliar, exotic animals are encountered, gives us the
opportunity to test animal interactions hard to observe (or
even induce) in the nature.
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