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Uvod

Aposematismus a mimikry

Pojem mimikry (mimeze pro ty co radi sklgi) byl pivodn® pouzivan pro
napodobovani rostlinnychasti Ziv@&ichy za &elem zneviditelténi se pro predatora
(Kirby a Spence 1815, 1817 ex. Komarek 2001). Rwstge tento pojem rozdi na
napodobovani obeé&n & uz organismy napodobuji rostliny, Zdrchy, ¢i nezivou
piirodu. Culezité je, Ze podobnost mezi organismy nenirizagna jejich gibuznosti,
ani ndhodnou konvergenci, ale adaptaci proti prg#famarek 2001). Z tohotvodu
by se mimik ngl odliSovat od svych blizkychifbuznych. Nejastjsi pripady mimikry
jsou pra¥ ty, pi nichZz se organismy snazi byt pro predatora nwligimi — tzv.
strategii. Krond klasické krypse, kdy zié pipodohiuje svou barvu aifpadre i tvar
svému habitatu, rozliSil tzv. disruptivni zbarvekiieré znemakuje predatorovi fesné
rozpoznani kiisti rozbitim plochy &la riznobarevnymi ornamenty (viz. téZz dap
Endler 1978 nebo Silberglieet al. 1980). V kazdém ifpact jakékoliv zbarveni je
zavislé na okoli a proto se krypticky zbarvené girshazi bd’ barevre prizptasobit
pozadi, nebo vyhledat vhodny substrat genh bude jejich zbarveni nejlépe fungovat
(Merilaita et al. 2001). Por&rné casté je, Ze stejné zbarveniaze byt za ufitych
podminek predatorem povazovano za vystrazné ayehjipodminkach iize pisobit
krypticky (Jarviet al. 1981 a,b; Harvey 1983; Vesadyal. 2006 in press).
Aposematismus je pojem popisujici zvlaStkippd antipredani strategie,  niz
organismus vyuZiva vystrazné zbarveni, aby sigoadizpredatorovi svou nevyhodnost
(Jarvi et al. 1981a). Nevyhodnost je ®aptji realizovana chemicky (nepozivatelné
latky) nebo mechanicky (trny, chlupy, Zihadla). Bamace &chto kvalit je nejast;i
optick4, a to nejen vystraznymi barvami, ale i im&jSimi vzory (nejznarjsi je
kresba pipominajici oko — Cott 1940), anebo morfologickystriukturami samotnymi.
DalSi zpisob jak signalizovat predatorovi svou nepozivateine pouzivani chemicke
obrany na ¥tSi vzdalenost (tedy vnimateldghem nikoliv chuti). Méa casté zfisoby
jsou zvukova signalizace (Hristov a Conner 2005honspecifické chovéani (nap
Srygley 1999). Neni vzdy upinziejmé, je-li dand kvalita Zgob proklamace
nevhodnosti nebo nevhodnost sama, @dasto plni ob tyto funkce najednou (viz jiz

zminované ostny nebo chlupy). Nag€jSi (nefastji studovany) pipad aposematismu



je ten, pi kterém chemicky chramy druh signalizuje svou nevyhodnost optickymi
signaly. | tehdy ovSem mohou chemické vlastnostii signaliza&ni funkci.

Ucebnicové piklady mimikry jsou prav ty, pri nichz tizné druhy késti napodobuji
navzajem sve vystrazneé zbarveni (Remington 196@n4d Cooper 1994). Prvnifipad,
kdy chutny druh napodobuje zbarvenim nechutnéhbo(mebezpiého) aposematika
popsal jako prvni H. W. Bates v roce 1862. Nutnydasledkem této interakce je snizena
chrarenost modelového druhu. Proto tento stav fungujevi@ripact, Ze mimetik je
vzacrejSi nez model (naivni predator se prgwodobré setka dive s modelem nez s
mimikem) a kdyZ je model dost&@ nevyhodny (Edmunds 1974). Druhjigmd, tzv.
Mullerovské mimikry, popisuji stav, kdy se st&jnechutné nebo nebezpé druhy
snazi sob podobat, a tim se navzajem chranit. K jejich vaniedla snaha, aby se
predator musel dit co nejmég vystraznych vzar a tim dlal co nejmén chyb.
VSechny zdastréné druhy profituji tim, Ze se na ri@mi naivniho predatora podili
dohromady a tim jsou ztraty jednotlivych déurozmelnény (viz. nag. Wickler 1968;
Edmunds 1974 nebo Speed 1993). Ve sidsti Zejmeé existuji komplexy drud, které
se navzajem vice€i méné podobaji, a zarowe maji fiznou miru nevyhodnosti pro
predatora. Mé#n nevyhodné druhy jsou vtomto ugpdani chragny vice
nevyhodnymi. O takovém usfaani se howd jako o tzv. quasi-Batesovskych
mimikry, ¢i o Batesovsko-Millerianském kontinuu (MacDougallDawkins 1998;
Speed 1999; Speetlal. 2000).

Evoluce aposematismu
Mnozstvi praci se zabyva problémem vzniku vystreangbarveni a jeho udrzeni se

v populaci kdisti (nag. Harvey a Paxton 1981; Harvelyal. 1982; Guilford a Dawkins
1991 nebo Rowe a Guilford 1999). Podle Guilford288) je mozné rozlisititzakladni
cesty vzniku aposematismu: i) néjce vznika vystrazné zbarveni, které je nastedn
vyuzito k proklamaci nechutnosti, ii) nechutnostystrazné zbarveni vznika zaraye
iii) vystraznost vznika v populaci jiz nechutné&isti. Kazda z &chto cest ma ovSem sva
uskali. Redstava, Ze vystraznost vznika v populaci nechkityigtické kdisti nardzi na
fakt, Ze vystraZzna mutace je nejsnaze odhalitehe@lgborem, a proto je nejrychleji
eliminovana z populace (praggbdobr diive nez se jeji nositel rozmnozi — Guilford a
Dawkins 1993). Jistou cestou jak tento paradox &tlisvie pomoci kin selekce.
Zakladni hypotézu nastinil Fischer v roce 1938edpokladal, Ze aposematismus je

¢asto asociovan s gregarosti, a Ze jedinci ve skuginsi jsou navzajem ifbuzni.



Potom niize fungovat kin selekce, protoze poté co j&t@ano rkolik sourozeng, se
predator na&i vyhybat jedindm s vystraznou signalizaci aredivSi sourozenci
s vystraznym zbarvenim umoZzni dalSfeBi genu pro & v populaci (které je uz
jednoduché, nebimasi velké zisky). Wiklund a Jarvi (1982) navrjliou alternativu.

V jejich experimentech nedochazeldi pchutnani aposematické thsti predatorem
k jejimu zabiti, a proto navrhli, Ze by se znak pystraznost mohl v populaci zachovat
a rozsfit individualni selekci. Neni tedy nutna podminkébpzenskych agregaci pro
rozSieni vystrazné signalizace. Byly ovSem i prace,&ien selekci podporovali a jeji
vyznam dokladalicastou existenci agregaci aposematického hmyztiradp (nag.
Benson 1971 nebo Harvey 1983). Navic Guilford (398&ukazal na to, Ze wipack
vystrazného zbarveni se nemusi jednat o selekbuznych, ale pouze o selekci
podobnych fenotyg které si nemusi bytifpuzné (na tomto principu funguji mimikry —
viz. vy3e). Zejmé je, Ze se upkalji oba typy selekciipudrzeni a roz#éni vystrazného
zbarveni v populaci nechutné #igii (a proto se mohou aposematici vyskytovat
gregaricky i soliterd).

Urcité rozeSeni problematiky kolem evoluce vystraznogingsli az Alatalo a Mappes
(1996) a naslednMappes a Alatalo (1997), kieprovadli pokusy s kaisti, ktera
nemohla byt predatorem znama ani z e¥oino hlediska (tzv. novel world). VSechny
dosavadni experimentalni studie evoluce aposematigy zatizeny moznouedicnou
averzi k utité koristi i u naivnich predatér Tento novy postoj umoznil vytvid Si
predatora, o kterémi@sré vime co zna. Z vysledktéto a mnohych jinych studii (cf.
Lindstrém 1999) vyplyva, Ze gregamiost je vyhodnaip vzniku vystrazného zbarveni
v populaci chutné Kasti. Pokud je predator jiz obeznamen s nechutnkdiisti je
zvyhodréna i solitérni kaist a kin selekce tudiz neni nezbytnyregpokladem.

K problému zjisobu selekce umaajicimu vystraznému zbarveni uchytit se v populaci
se ffidavaji jeS¢ problémy spojené se schopnostmi predatora. Mataefio (2000)
prokdzala, Ze na prosazeni vystrazného zbarveni wyagzny vliv predatorovy
schopnosti &it se a pamatovat si. Pokud se predator setka seapaiickou kiisti po
delSim case neni jiz schopen ji poznat a proto na niZzem ot zaut@it.
Pravd@podobnost, Ze si predatoriigt zapamatuje, je zavisla naimBpatné zkusenosti
s prvni kdisti. Proto je podle této prace evoluce vystraznéharveni v populaci
nechutné kiisti mozna za fedpokladu, Ze je kst opravdu hodé nevyhodna a nuti
predatora, aby si ji déb pamatoval. Stegntak jako vSe v firodé, ani otazka evoluce

aposematického zbarveni nenajde nikdy jedno uspakeyswtleni. Na tomto procesu



se podili mnoho paraméta proto se rize prosadit mnoha cestami, které musi ovSem
byt vzdy evolgné stabilni.

Pokud se t§e druhé cesty evoluce vystrazného zbarvefii,kjferém se objevuje
najednou zbarveni i nechutnost, hlavni problém tkwnalé pravépodobnosti této
udélosti. Pokud by #fo jit o simultanni vznik obou mutaci najednou drjé generaci
potomki, i kdyZz selekce na takovou schopnost jegjiselkd, je z molekulagh
genetického hlediska malo prayebdobna (viz. nap Miura a Sonigo 2001). Jéeggme,
Ze jeden znak (nevhodnost nebo vystrazna signalizawsi vzniknout jako prvni
nasledovan druhym (Guilford 1988), i kdy&lha ve velmi kratkérlasovém horizontu.
Prvni z ndmi presentovanych praci se zabyva otazkmiku vystrazného zbarveni
v populaci chutné kasti. Jiz Guilford (1988) povazoval tuto alternatiwzniku
aposematismu za nejmépravdpodobnou. Tato teorier@dpoklada vznik napadného
zbarveni za jinym, neZ antipregdm (elem (nap. vnitrodruhova komunikace).
Napadnost s sebouipasi zvysené naklady a rizika, ktera jsou nasiddmpenzovana
vznikem chemické ochrany (Ruxta al. 2004). Tato teorie jéasto povazovana za
nepravé@podobnou az nemoznou (Yachi a Higashi 1998; Rtipl. 2001; Stuart-Foxt

al. 2003), nicmé& jsou dikazy z f@irody, Ze je tento postup mozny (Acarina,
Hydrachnida — Proctor a Garga 2004). Navic jak dakaMarpleset al. (1998) do hry
jes€ vstupuje potravni konservatismus predatora, kigigobi, Ze predator se dity
¢as vyhyba i chutné vystraznéilgii a po tuto dobu se iwie gen pro vystraznost
rozsfit (viz. nize).

Nicmére Uplrg jind situace nastava, je-li nbwznikajici vystraznd mutace mimikem
jiného predatorovi ddle znamého nechutného druhu. Podle pravidel Batdgdan
mimeze je tato mutace velmi rychle fixovanaia s v populaci chutné ksti. V tomto
piipadt ovSem nastava problém v okamziku, kdy je vystraZnopopulaci chutné
koristi piiliS hojnd a mimici jsowasgjSi nez model. V takovémiipad: se naivni
predator nize naudit, Ze vystraznost je korelovana s chutnosti adhozit populace
aposematického modelu (Lindstréehal. 1997). Tim se snizi populace mimika a ve
findle se ustavi rovnovaha mezi populacemi mimé modeh, ktera ginasi vSem

zastrenym nej\tsi prosgch.

Neofobie a potravni konservatismus
Neofobie i potravni konservatismus jsou procesyavijici vztah predatora ke fisti.

V obou gipadech se jedna o odmitani neznanéstdviz. Marples a Kelly 1999).



Oba jevy byly fivodre slutovany pod pojmem neofobie, ale v poslednich letedi
odliSeny. Neofobie je okamzZzity odpor k novéfikt (a nejen késti) spusEny

v okamziku setkani s novosti, netiilig siln¢ zafixovan a je-li nova Kist vhodna jako
potrava, Bhem relatived kratké doby mizi qasto khem rkolika minut). Davod
vyprchani neofobického odmitéani je ¢egjtji generalizace nové Kisti s jinou, jiz
predator doposud poznal, tim je generalizace offiza neofobie vytrvalejSi. Smyslem
neofobie je ochranit predatoraied potencionakh nebezpénou potravou, dava
predatorovicas dikladré potravu ohledat - chrani hogal zbrklosti (znamé jsou pokusy
s potkany a otravenou #seti — Domjan 1980 ex Schlenoff 1984), predator inkagist
podrobrji prozkoumat nez se rozhodne zda ji akceptévatimitnout.

Potravni konservatismus je naproti tomu dlouhodphyces, ktery se vytvabéhem
predatorovi Zivota, je sithfixovan a obtiza zrusitelny. Experimentatnbylo prokdzano
(Kelly a Marples 2004), Ze se jedna o &kalik mésiai trvajici odpor a byla popsana 4
stadia vyhasinani: i) optické prozkoumavani, iifagmé ochutnani az peni nove
kotisti, iii) pravidelna konzumace novéiksti, iv) piijmuti kofisti mezi l&Znou potravu.
Byly popsany ii mozné zfisoby jak zvie miZe ziskat odpor k novému: i) averze
spustna v okamziku setkani s novouftlgi (Schuler a Roper 1992) — neofobie, ii)
vrozena averze (Lindstroet al. 1999), iii) averze nawena khem predatorova Zivota
(Tinbergen 1960, Shettleworth 1972). Posledni diipaply se tykaji jak potravniho
konservatismu tak nastaveni neofobie. A pratomto smyslu je&asto obtizné igsre
definovat oba pojmy (viz. Marples a Kelly 1999).tiRoni konservatismus je nastaveni
parametii vhodné potravy. Toto nastavenitbe byt vrozené nebo né&né,
pravdEpodobré existuje ugity vrozeny mustr vhodné potravy, ktery jeshiem
predatorova mladi jeStdopilovan. Naproti tomu neofobie je z definice &poa az

v okamziku stetu s novou potravou. V tom ovSemizi problém. Nastaveni citlivosti
spou&tni neofobické reakce ide byt u iznych druli nebo i jediné razné (viz. nize).
Stejna koist miZze byt rekterymi predatory vnimana jako nova, zatimco jinymize
byt generalizovana s jinou jiz znamouiikti okamzit a proto se neofobicka reakce
vibec nedostavi. Nastaveni citlivosti sgu$t neofobické reakce proto e byt
povazovano za jeden z aspekltotravniho konservatismu. Saneé miZe tento
parametr byt vrozeny nebo ramy, i kdyZz vtomto fipadt je snazSi si igdstavit
vrozené nastaveni citlivosti spésit neofobické reakce, které je jen lehce korigovano

zivotnimi zkuSenostmi.



Jak bylo fe¢eno vySe, lze rozpoznatetelné mezi i vnitrodruhové rozdily v rai
neofobie a potravniho konservatismu (@hapoppinger 1970; Schuler a Hesse 1985;
Marpleset al. 1998). Rozdily jsou dany@devsim potravnimi strategiemi a strukturou
vyuzivaného habitatu. Obetrze ftici, Zze potravni generalisté maji mensi sklony
k neofobii a potravnimu konservatismu nez druhyceieovargjsSi (Greenberg 1983;
Webster a Lefebvre 2000; Mettke-Hofmaahal. 2002). Lze to ovSem definovat i
obraces, Ze vysSi mira potravniho konservatismu vede legiapzaci. Je to poanné
logické, protoze zvySeny potravni konservatismugupu model vhodné potravy a
zpisobuje specializovanost n&itou, tomuto modelu vyhovujici , kist. Bylo ovSem
prokdzano, Ze toto spojeni je mnohem oBEEn a zvySend mira potravniho
konservatismu se vyskytuje u dfubpecializovanych nejen potrayrale i ekologicky a
habitato¥ (Mettke-Hofmanret al. 2002). Dale bylo prokazano, zeié rozdily v mie
neofobie a potravniho konservatismu se projevai vnitrodruhové Urovni (Verbeek

al. 1994; Dingemanset al. 2003), nicmé# tyto rozdily nejsou tak markantni jako

rozdily mezi druhy a jsou spiSe dany historii aSghaostmi kazdého jednotlivce.

Potravni zkuSenost
Jak bylo popsano wiedchozi kapitole, reakci predatora na nabidnutotistko

neoddiskutovatekhovliviuje jeho pedchozi zkuSenost (Coppinger 1970). Okdze
piedpokladat, Ze odmitdna budefikb vyrazre se liSici od vSech dosavadnich
zkuSenosti predatora (viz teorie neofobie a poffavkonservatismu — Marples a Kelly
1999; Lindstromet al. 2001). Naopak kst na niz je predator zvykly by néha byt
odmitnuta nikdy. Otazka ovSem je, co to znamend@yrédator je na Kist zvykly. Poté
co se predator setkd s novou a chutnotiskoa zmizi neofobickd averse, jefisd
prijata jako vhodna. To, zda sfgen jedno setkani k definitivnimu danéni koristi do
svého jidelndku zavisi na kognitivnich a paitovych schopnostech predatora, ale je
ziejme, Ze pi druhém setkani se stejnouftladi by se jiz nerla neofobicka reakce
dostavit. Upl# jina situace nastava, je-li odmitani novéigid zpisobeno potravnim
konservatismem predatora. Jak bylo popsano vy3eaym konservatismus je velmi
pevre zakdensn v predatoro¥ mysli a pozminit predstavu vhodné potravy je velmi
nesnadné (Kelly a Marples 2004), tedy u abt&po predatora. Pokud se tedy setka
s kaisti, ktera je pro & nevyhovujici bude ji odmitat po delSi dobu neaKceptuje,
piipadré ji nemusi akceptovat nikdy. Neboli poznit predatorovi jeho i@dstavu
vhodné kaisti nemusi byt vzdy lehké.i€sto rtkteré prace experimentujici s potravni



zkuSenosti predatora (Coppinger 1969, 1970 nebdstidémet al. 2001) prokazali, Ze
pomérné nedavna roztina potravni zkusenost muze vyrazvlivnit predatorovu reakci
vaci stejné kaisti.

Jak jiz byloteceno dalSi aspekt problému vlivu potravni zkuSenjestpredatorova
schopnost &it se a pamatovat si (Speed 2000). Je evidentnpreéator neschopny
pamatovat si parametry vhodnéfisti miZze dclat pri Gtocich na rozlinou potravu
chyby, které mohou byt osudové. Proto je schopbezsp€né rozpoznat vhodnou Kist
jedna z nejtllezitejSich vlastnosti kazdého organismu (viz. Optimahding theory -
Stephens and Krebs 1986). Bylo prokadzano, Ze agesd a pamatovani u ptakyce,
jsou na prvnim mist krkavcoviti a sykoroviti. Tyto skupiny prokazujidwokych
populacich jak schopnostcitt se novym potravnim zdmjn a experimentovat
s potravou (Sherry a Galef 1984, 1990; Kothbaudhttan 1990), tak vynalézat nove
pristupy k ziskavéni potravy a dokonce pouzivat ogstfnap. Chappell a Kacelnik
2002). Co se pa# tyce jedna se o druhy, u kterych bylasto pozorovano schovavani
potravy na horSi obdobi, coZz vyzaduje gomi rozsahlou prostorovou paih (nag.
Clayton 1998 nebo Pravosudeval. 2003).

Schopnost tit se a pamatovat si je zardwveilné ovlivnéna motivaci (Pravosudov a
Clayton 2001). Aplikovano na nevhodnouiikt, ¢im horSi zazitek je pro predéatora
napadeni kipsti, tim déle si ho bude pamatovat a tim déle inani podobné) bude
reagovat odmitay (Edmunds 1974). Navic Gamberale-Stille (2000) dak®g Zecim
delSi je pilezitost predatora vtisknout si templat nevhodrairgvy, tim je jeho
odmitavost uc¢i ni silngjSi. Bylo prokadzano, ze potravni zkuSenostizen znénit
predatorovy preference natolik, Zecma ut@it na nevhodnou kist. Ma-li predator
piedchozi dobrou zkuSenost gikti podobnou nevhodné #sti s kterou je prav
konfrontovan, mohl by tim byt zmaten a napadno(tijidstromet al. 1997). Pokud je
obraz vhodné Kisti vtiSttn dostaténé silné mizZe zneénit reakci i na velmi nevhodnou
podobnou ktist. Zarové: je z Fedchoziho &ejmé, Zzecim kratSicasovy Usek je mezi
dobrou zkuSenosti s ksti a konfrontaci s podobnou nevhodnouistd, tim je \&tSi
Sance omylu a napadeni nevhodnéidto Lze tedy pedpokladat, Zze neofobie, ale
dokonce i potravni konservatismus by sé& dét odstranit pomoci specifické nedavné
zkuSenosti a vytd@nim utitého obrazu jedlé kesti. O této problematice pojednava

druh& prezentovana prace.



Literatura citovana v uvodu

Alatalo, R. V. and J. Mappes (1996): Tracking tlaeletion of warning signals. Nature 382:
708-710.

Allen, J. A. and J. M. Cooper (1994): Mimicry. Joar of Biological Education. 29: 23-26.

Benson, W. W. (1971): Evidence for the evolutiomupnpalatability through kin selection in the
Heliconiidae (Lepidoptera). American Naturalist 12%3-226.

Clayton, N. S. (1998): Memory and the hippocampu®od-storing birds: a comparative
approach. Neuropharmacology 37(4-5): 441-452.

Coppinger, R. P. (1969): The effect of experienue Rovelty on avian feeding behavior with
refference to the evolution of warning coloratiarbutterflies. 1. Reactions of wild-caught
adult Blue jays to novel insects. Behaviour 35605-

Coppinger, R. P. (1970): The effect of experienue @ovelty on avian feeding behaviour with
reference to the evolution of warning coloratiorbutiterflies. Il. Reactions of naive birds
to novel insects. The American Naturalist 104: 328-

Cott, H. B. (1940): Adaptive coloration in Animaf3ptical signals: Animal communication and
light. Indiana university press, Bloomington.

Dingemanse, N. J., Both, C., van Noordwijk, ARuften, A. L. and P. J. Drent (2003): Natal
dispersal and personalities in great tits (Paruysmd@roceedings of the Royal Society of
London Series B-Biological Sciences 270(1516): 741-

Edmunds, M. (1974): Defence in Animals. A survewitipredator defences. Essex, Longman.

Endler, J. (1978): A predator's view of animal cgatterns. Evolutionary Biology 11: 319-364.

Fischer, R. A. (1930): The genetical Theory of matselection. Clarendon press, Oxford.

Gamberale-Stille, G. (2000). Decision time and mgymgariousness influence attack probability
in naive and experienced predators. Animal Beha66u 95-99.

Greenberg, R. (1983): The role of neophobia inrdgiténg the degree of foraging
specialization in some migrant warblers. Americaturalist 122: 444-453.

Guilford, T. (1985): Is kin selection involved iha evolution of warning coloration? Oikos 45:
31-36.

Guilford, T. (1988): The evolution of conspicuousaration. American Naturalist. 131: S7-
S21.

Guilford, T. and M. S. Dawkins (1991): Receiver &tsylogy and the Evolution of Animal
Signals. Animal Behaviour 42: 1-14.

Guilford, T. and M. S. Dawkins (1993): Are warniaglors handicaps? Evolution 47: 400-416.

Harvey, P. (1983): Why some insects look prettytynddew scientist 6: 26-27.

Harvey, P. H. and R. J. Paxton (1981): The evahutibaposematic coloration. OIKOS 37: 391-
393.

Harvey, P. H., Bull, J. J., Pemberton, M. and FRakton (1982): The evolution of aposematic
coloration in distasteful prey: A family model. TAenerican Naturalist 119: 710-719.
Hristov, N. I. and W. E. Conner (2005): Sound &gt acoustic aposematism in the bat-tiger

moth arms race. Naturwissenschaften 92(4): 164-169.

Chappell, J. and A. Kacelnik (2002): Tool selet¢tivih a non-primate, the New Caledonian
crow (Corvus moneduloides) Animal cognition 5(2): 71-78.

Jarvi, T., Silén-Tullberg, B. and C. Wiklund (1981&he cost of being aposematic. An
experimental study of predation on larvaPabilio machaon by Great titParus major.

Oikos 37: 267-272.

Jarvi, T., Silén-Tullberg, B. and C. Wiklund (1981mdividual versus kin selection for
aposematic coloration — reply. Oikos 37(3): 393-395

Kelly, D. J. and N. M. Marples (2004): The effetthovel odour and colour cues on food
acceptance by the zebra findlaeniopygia guttata. Animal behaviour 68: 1049-1054.

Kothbauer-Hellmann, R. (1990). On the Origin ofradition - Milk Bottle Opening by Titmice
(Aves, Paridae). Zoologischer Anzeiger 225(5-63-361.

Kirby, W. and W. Spence (1815, 1817): An introdaitto entomology or elements of the
natural history of insects. I., Il. London Longnmeamd Co.



Komarek, S. (2001): Mimikry, aposematismustéopzné jevy — mimetismus \ipod€ a vyvoj
jeho poznéni. 192 stran. Vesmir, Praha.

Lindstrom, L. (1999). Experimental approaches talging the initial evolution of conspicuous
aposematic signalling. Evolutionary Ecology 13(7&)5-618.

Lindstrom, L., Alatalo, R. V. and J. Mappes (199mperfect Batesian mimicry - The effects of
the frequency and the distastefulness of the m&teteedings of the Royal Society of
London Series B-Biological Sciences 264(1379): 189-

Lindstrom, L., Alatalo, R. V. and J. Mappes (199¢actions of hand-reared and wild-caught
predators toward warningly colored, gregarious, @mtspicuous prey. Behavioural
ecology 10(3): 317-322.

Lindstrom, L., Alatalo, R. V., Lyytinen, A. and Mappes (2001). Predator experience on
cryptic prey affects the survival of conspicuoussgmatic prey. Proceedings of the Royal
Society of London Series B-Biological Sciences 2886): 357-361.

MacDougall, A. and M. S. Dawkins (1998): Predatiscdmination error and benefits of
Mullerian mimicry. Animal Behaviour 55: 1281-1288.

Mappes, J. and R. V. Alatalo (1997): Batesian miynand signal accuracy. Evolution 51(6):
2050-2053.

Marples, N. M., Roper, T. J. and D. G. C. Harp&98): Response of wild birds to novel prey:
evidence of dietary conservatism. Oikos 83: 161-165

Marples, N. M. and D. J. Kelly (1999): Neophobialalietary conservatism: Two distinct
processes? Evolutionary Ecology 13: 641-653.

Merilaita, S., Lyytinen, A. and J. Mappes (2001¢glegtion for cryptic coloration in a visually
heterogeneous habitat. Proceedings of the Roydatgaxf London Series B-Biological
Sciences 268(1479): 1925-1929.

Mettke-Hofmann, C., Winkler, H. and B. Leisler (200The significance of ecological factors
for exploration and neophobia in parrots. Etholag®: 249-272.

Miura T a Sonigo P (2001): A mathematical modeldoperimental gene evolution. Journal of
theoretical biology 209 (4): 497-502.

Pravosudov, V. V., and N. S. Clayton (2001): Effezt demanding foraging conditions on
cache retrieval accuracy in food-caching mounthinkadeesRoecile gambeli).
Proceedings of the Royal Society of London Seri&idogical Science 268(1465): 363-
368.

Pravosudov, V. V., Mendoza, S. P. and N. S. Clay2093): The relationship between
dominance, corticosterone, memory, and food cadnimgountain chickadee®gecile
gambeli). Hormones and Behavior 44(2): 93-102.

Proctor, H. C. and N. Garga (2004): Red, distabtefiter mites: did fish make them that way?
Experimental and Applied Acarology 34: 127-147.

Remington, C. L. (1963): Historical backgroundsromicry. Proceedings of the XVI
International Congress of zoology vol. 4, WashindgibC., August 20-27, pp. 145-147.

Riipi, M., Alatalo, R. V., Lindstrom, L. and J. Mpgs (2001): Multiple benefits of
gregariousness cover detectability costs in aposeggregations. Nature 413: 512-514.

Rowe, C. and T. Guilford (1999): The evolution afltrmodal warning displays. Evolutionary
Ecology 13(7-8): 655-671.

Ruxton, G. D., Sherratt, T. N. and M. P. Speed 4208voiding attack: The evolutionary
ecology of crypsis, warning signals and mimicryf@a University Press Inc., New York.

Servedio, M. R. (2000): The effects of predatorieay, forgetting, and recognition errors on
the evolution of warning coloration. Evolution 5%(2351-763.

Schlenoff, D. H. (1984). Novelty - a Basis for Gelation in Prey Selection. Animal
Behaviour 32: 919-921.

Schuler, W. and E. Hesse (1985): On the functiomarhing coloration: a black and yellow
pattern inhibits prey-attack by naive domestic khi®ehavioral ecology and Sociobiology
16: 249-255.

Schuler, W. and T. J. Roper (1992). Responses tmigaColoration in Avian Predators.
Advances in the Study of Behavior 21: 111-146.

10



Sherry, D. F. and B. G. Galef (1984): Cultural Taission without Imitation - Milk Bottle
Opening by Birds. Animal Behaviour 32(AUG): 937-938

Sherry, D. F. and B. G. Galef (1990): Social-Leagnivithout Imitation - More About Milk
Bottle Opening by Birds. Animal Behaviour 40: 98399

Shettleworth, S. J. (1972): The role of noveltygarned avoidance of unpalatable prey by
domestic chicks@allus gallus). Animal Behaviour 20: 29-35.

Silberglied, R. E., Aiello, A. and D. M. Windsddr980): Disruptive Coloration in Butterflies -
Lack of Support irAnartia fatima. Science 209(4456): 617-619.

Speed, M. P. (1993): Mllerian mimicry and psyclyglof predation. Animal Behaviour.
45(3): 571-580.

Speed, M. P. (1999). Batesian, quasi-Batesian dlelfan mimicry? Theory and data in
mimicry Research. Evolutionary Ecology 13(7-8): 76®.

Speed, M. P. (2000). Warning signals, receiver psipgy and predator memory. Animal
Behaviour 60: 269-278.

Speed, M. P., Alderson, N. J., Hardman, C. and RuXxton (2000). Testing Mullerian
mimicry: an experiment with wild birds. Proceedirmjthe Royal Society of London
Series B-Biological Sciences 267(1444): 725-731.

Srygley, R. B. (1999). Incorporating motion inte@stigations of mimicry. Evolutionary
Ecology 13(7-8): 691-708.

Stephens, D.W. & Krebs, J.R. (1986): Foraging theBrinceton University Press, Princeton.

Stuart-Fox, D. M., Moussalli, A., Marshall, N. hdal. P. F. Owens (2003): Conspicuous males
suffer higher predation risk: visual modelling agperimental evidence from lizards.
Animal Behaviour 66: 541-550.

Tinbergen, L. (1960): The natural control of insdact pine woods |. Factors influencing the
intensity of predation by songbirds. Archives naedaises de Zoologie 13: 265-336.
Verbeek, M. E. M., Drent P. J. and P. R. Wiepket#94): Consistent Individual-Differences

in Early Exploratory-Behavior of Male Great Titsnitnal Behaviour 48(5): 1113-1121.

Vesely, P., Veseld, S., Fuchs, R. and J. Zrzav§gR®re gregarious red-black shieldbugs
(Graphosoma lineatum, Hemiptera: Pentatomidae) really aposematic? Armental
approach. Evolutionary Ecology Research. In press.

Webster, S. J. and L. Lefebvre (2000): NeophobithbyLesser-Antillean Bullfinch, a foraging
generalist, and the Banaquit, a nectar specisiiséon Bulletin 112: 424-427.

Wickler, W. (1968). Mimikry. Nachahmung und Tausegun der Natur. Minchen, Kindler.

Wiklund, C. and T. Jarvi (1982): Survival of didifsil insects after being attacked by naive
birds: reappraisal of the theory of aposematicredion evolving through individual
selection. Evolution 36(5): 998-1002.

Yachi, S. and M. Higashi (1998): The evolution afming signals. Nature 394: 882-884.

11



Evolution of warning colouration in palatable
prey. An experimental approach

Petr Vesely & Roman Fuchs
Department of Zoology, Faculty of Biological Scies¢cUniversity of South Bohemia,
BraniSovskéa 31, 370 0Beské Budjovice, Czech Republic

ABSTRACT

An evolution of Batesian mimics was experimentdtgted with wild caught avian
predators Parus major). The Guyana spotted cockroa®@iafptica dubia) was used as a
palatable prey in which the mimic evolves, and e firebug Pyrrhocoris apterus)
was used as a model. The optical signalizatiomséat prey was modified using paper
sticker shield placed on its back. The effect @dator familiarity with the mimic prey
was tested. The cockroaches carrying the shieldeofirebug pattern were significantly
better protected than those with the cockroachld$hi@ he protectivity of the firebug
shield was of the same effectivity on the cockroashon the firebug, but the firebug
was protected regardless of the shield patterne—wtrning shield pattern provided
much better protection to the edible prey. Grdatfamiliar with the cockroach as the
prey attacked cockroaches regardless of their sipaktern. The cockroaches with
firebug shields were no longer protected agairnstigor attack. This result suggests the

need of the predator low familiarity with the prieywhich the Batesian mimics evolve.

Keywords: mimicry, aposematism, palatability, food experience

INTRODUCTION

The evolution of warning colouration has been vergky problem for several last
decades. Fisher (1930) proposed the first theopjaéxng the problem with origin of
conspicuous individuals in population of cryptiddaimpalatable animals, using the kin
selection. According to this theory, gregariousrmsd kinship of the basal population
was postulated. Under these terms, several wasniogjoured individuals removed
from the population by naive predator attack, lete#r brothers which carry genes for
warning colouration. At the same time their deaths useful in teaching the predator
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the connection between the colouration and the latgiality. Subsequently, the
warning colouration is very profitable and spreedthe population. Nevertheless, there
are several aposematic insect species which ddiveoin aggregations (e.g. larvae of
swallow tail —Papilio machaon). This problem was particularly solved in expeniise
conducted by Wiklund and Jarvi (1982). In theseeexpents withP. machaon the
naive predators did not kill offered aposematicypdeiring handling them, so that
individual selection of the warning colouration wamsidered possible.

Guilford (1988) proposed three possible situatowhich warning colouration evolves:
1) the colouration evolves first and then is folkavby evolution of chemical defence, ii)
colouration and unpalatability evolves at the samee (in one individual), iii) the
warning colouration evolves in unpalatable preystHiwo processes were supposed to
be very rare, but there were some works suppottiregtheory of an evolution of
warning colouration in palatable prey. Ruxtenhal. (2004) suggested evolving of
unpalatability in warningly coloured prey as a c@mgation of costs and risk connected
with conspicuous colouration. Moreover, Thoresal. (2003 and 2004) proved the
dietary conservatism as an important factor inéngaspredators’ avoidance to
conspicuous, edible prey and subsequent spreatlihg golouration in population. See
Marpleset al. (2005) for review.

Our experiments should simulate evolution of wagnoolouration in population of
edible prey, but in this case the colouration mkad an aposematic model familiar to
the predator. This situation suits the definitidrihee Batesian mimicry. Batesian mimic
is edible, profitable animal that simulates thenalgation of another unpalatable or
dangerous one (the model) (Bates 1862Komarek 2003). The mimic is protected by
the model as far as there are more models than aniniihe Batesian mimicry is
recognizable in case, when the model and miminatelosely relative, so that we can
say that their similar colouration truly is an at#ijon to predation and not the result of
heritability (Komarek 2003). Another basic form mfmicry is the situation when one
unpalatable or dangerous prey mimics the colourabioanother, similarly dangerous
(Mullerian mimicry). The aim of this system is tsblurden the predator the learning of
unprofitability, so that it needs not to learn lofdifferent signals connected with some
danger (Edmunds 1974). Recent studies (MacDougdllDawkins 1998; Speed 1999,
Speedet al. 2000) showed that in fact there is no sharp bobeééwveen Batesian and

Mullerian mimicry in nature, as less protected pigynimicking more protected one
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and prey without protection can mimic both of themd so called quasi-Batesian
complexes evolve.

Lastly, our experiments tested the effect of formeperience of the predator with the
palatable prey on potential evolution of warningnsilization. Coppinger (1970) as one
of the first pointed out the importance of predatekperience on its reaction toward
any prey. Two principles were supposed to affeetatoidance of the predator toward
its prey: the neophobia and the dietary consemwa{see Marples & Kelly 1999, for
review). The neophobia rises in case when predateets new prey. It rises
immediately at the moment of encounter and usuakgs only short time. After this
time the prey is generalized with some familiar amel subsequently accepted. The
dietary conservatism is supposed to be rather teng event. There are two possible
ways of the origin of it: innate (e.g. Lindstrdenal. 1999) or learned (e.g Shettleworth
1972) avoidance to a certain prey. This avoidasaealized by making some number
of images of potential prey in predators’ mind. Arey different from these images is
avoided (Kelly and Marples 2004). This effect iosgly rooted in predator brain and
can be suppressed only very hardly. Certain vditiabin extend of dietary
conservatism was proved in the interspecific (eCgppinger 1970; Marplest al.
1998) as in the intraspecific level (e. g. Schiaed Hesse 1985; Verbeekal. 1994;
Dingemanseet al. 2003). Generally, more specialized species (dividuals) show
higher extend of dietary conservatism than the igisés.

In the present study, we studied the efficiencyafning colouration of palatable prey
experimentally; using great tits as predators. palatable prey was mimicking another
one earlier proved as unpalatable - the red firdbag e.g. Exnerow al. 2003, 2006).
Wild caught adult birds, supposed to be familiathvithe model from the nature, were
used as predators. We tested, whether the warrdloyration of an edible prey (a
cockroach) is protecting the insect from the bitthck, by installing a paper sticker
shield with a demonstrably warning colour pattetre (pattern of the firebug). Further,
we tested whether the edible prey is protectedlgas the unpalatable red firebug (a
comparison with reaction of great tits to the réebug with the firebug shield).
Subsequently, we tested if there is the same pregeeffect of the firebug pattern on
palatable and unpalatable prey, by comparing tiferdnce between firebug-shielded
and cockroach-shielded firebugs and cockroachestly,awe tested the effect of
predator experience on their reaction to warningbloured edible prey. Higher

described experiments were carried out using gtieatused to the mealworm as
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predators. We repeated experiments with cockroaetids cockroach vs. firebug
shields with great tits used to the experimentakss of cockroach in purpose to test

the effect of familiarity of the edible prey on dwison of warning colouration.

MATERIAL AND METHODS

Experimental prey
The red firebugPyrrhocoris apterus (L., 1758) has a red and black colouration proved

as warning (Wiklund & Jarvi 1982, Schlee 1986, Exnaet al. 2003, 2006) together
with chemical defence based on short-chained atkand their derivatives, produced
by repugnatory metathoracic glands (Farsteal. 1992). The experimental firebug
individuals were collected in the surrounding @éské Budjovice (South Bohemia,
Czech Republic) during years 2004 and 2005. Grofig#rca 50 individuals were kept
in the laboratory in glass jars (15 cm in diametBry linden tree seeddi(ia cordata)
and water were supplied! libitum.

The Guyana spotted roadBlaptica dubia (Audinet-Serville, 1838) is used as common
feed for insectivorous animals. In our experimeiis second and third larval instar
were used (8-14 mm in length). It is of brownistocos with dark and pale spots and
has no chemical defence. The experimental indivedware kept in glass terrarium (40
x 30 x 20 cm) in high densities. Fresh vegetabder(t, beet root and potatoes), dry cat
and dog foods and water were supphedibitum.

Both insect species were reared &&nd long-day (18 h light, 6 h dark) conditions.
The natural colouration of experimental prey waglifed using paper sticker shields
(see Appendix — Figures 1, 2, 3 and 4). There weoepossible patterns on the shields.
The first pattern represented the cockroach andtter the firebug as seen from above.

Both patterns were obtained by taking photographmmth insect species.

Experimental predators
Adult great tits Parus major L) caught with the mist net in the vicinity @feské

Budgjovice (South Bohemia, Czech Republic), were ussdxperimental predators.
Captures were conducted during years 2004 to 2806pe for the breeding seasons
(May to July). We are provided with licenses petimf catching and ringing birds
(Bird Ringing Centre Praha No. 1004) and experirgon with animals (Czech
Animal Welfare Commission No. 489/01). Birds werepkin standard birdcages at

lowered indoor temperature and under outdoor plestog conditions. Birds were
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acclimated to the laboratory conditions and foashfewer seeds and mealworms or
cockroaches — see chapter trials) for 1-2 days poi@xperimentsThey were ringed

and released immediately after trials finished.

Experimental equipment
The experimental cages were made from wooden drdnwes (0.7 m x 0.7 m x 0.7 m)

covered with wire mesh (2 x 2 mm) with the frontlwaade of one-way mirror (see
Exnerovéet al. 2003, for details). The cages were equipped writh perch, a bowl with
water, and a rotating circular feeding tray, camtaj six small cups (a single cup
contained a prey item during a trial). The distaheaveen the perch and the tray was
approximately 25 cm. The bottom of cups was of atiblour. Standard illumination
was generated by light source (LUMILUX COMBI 18WSRAM) that simulates the
full daylight spectrum.

Trials
The 120 tested individuals of great tits were ddddn two groups. The first one of 80

individuals was used to mealworms as a prey dutimg acclimatization to the
laboratory. The other of 40 individuals was useddokroaches. Subsequently the birds
from the first group were divided into four grou@® individuals each). The first group
was offered the cockroach with the shield with grattof the cockroach. The second
group was offered the cockroach with the shielchvpiattern of the firebug. The third
group was offered the firebug with the cockroackelshand the fourth group was
offered the firebug with the firebug shield. Thedsi used to the cockroaches were
divided into two groups of 20 individuals. The fimme was offered the cockroach with
the cockroach shield and the other the cockroadh thie firebug shield. To avoid
pseudo-replication, each individual bird was usmdfsingle series of trials only.

Each bird was placed into the experimental cagerbahe experiment in order to adapt
to the new conditions, and was provided with footkélworms or cockroach) and
water. The bird was deprived of food for 1.5-2.5utsobefore the experiment to
increase its motivation. The bird was assumed teebdy for experiment as soon as it
attacked offered prey (mealworm or cockroach) imiatety after offering. Each
experiment with an individual bird consisted ofeaiass of 4 immediately succeeding
trials, in which 2 control prey (mealworm or coc&oh) and 2 experimental prey
(shielded cockroach or firebug) were offered akgety, starting with the control prey.

Repetition of several trials within a single expeent was used to eliminate effects of
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the individual differences in predators’ neophobuhich was proved as a very short-
term event (see Marples & Kelly 1999, for revieWhe control prey was used to check
bird’s motivation to forage, and the trial endeteathe prey had been eaten. The trials
with experimental prey always lasted 5 minutes.

A continuous description of the bird behaviour weasorded in the program Observer
ver. 3 (1989-1992, ©Noldus) and simultaneouslyetkgeriment was recorded with the
camera. We distinguished three possible resulesaoh trial: (1) the experimental prey
was neither handled nor killed during the 5 minuiesting trial, (2) the prey was
handled (touched, pecked or taken by the bird’y biit not killed, 3) the prey was
killed.

Statistical analysis
We used the numbers of birds in each experimemtalpgthat handled/killed at least

one of the two offered experimental prey for thatistical analyses (all tests were
performed in Statistica 5.5, 1984-1999, © StatSlwit,). The Fisher's exact test was
used for their analysis.

RESULTS

See Appendix for numbers of great tits handlingiting offered prey (Fig. 5) and for
results of statistical tests (Tab. 1).

The warning function of the firebug pattern on palaable prey (experiments
with predators used to the mealworm)

The great tits avoided to attack the cockroachyoagrthe shield with the firebug
pattern more than cockroach carrying shield with ¢ockroach pattern. Significantly
smaller number of great tits killed offered coclaavith the firebug shield than those
with the cockroach shield. Cockroach carrying tinebfug shield was protected equally
(against the attack as well as against the deatlg firebug with the firebug shield.
Nevertheless, the firebug with the cockroach shieéd protected as strongly as the

firebug with the firebug shield.

The warning function of the firebug pattern on palaable prey (experiments
with predators used to the cockroach)

Great tits handled and killed cockroaches withabekroach shield regardless of their
experience with the cockroach. Predators useddadckroach were not discouraged
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from the attack by the firebug shield, and handded killed cockroaches with the
firebug shield more often than predators used talw@ms.

DISCUSSION

Our experiments proved the protective functionhaf tirebug pattern even if placed on
edible and unpalatable prey. The edible prey wasepted against the predator attack
equally as the unpalatable one. These results suy@otheory of evolution of Batesian
mimicry. We have proved that prey protected by hengical defence or other trait
making it unprofitable gains big profit from obtaig signalization mimicking another
protected prey species as described in the thefamiroicry formulated in 19 century
(Bates 1862 and Poulton 1890 ex. Komarek 2003).eNkgless, it is possible that
evolution of signalization of unprofitability maywelve in population of not protected
prey even when mimicking no model. This theory siggs some natural degree of
neophobia or dietary conservatism of the predaiocanspicuous prey. The predator
avoids conspicuous preypriori, regardless of its palatability (see Marpéesl. 2005
for review). Nevertheless, the aversion to consmisu prey may be caused by
generalisation to other, to predator familiar, aoatic prey. We do not know exactly
the generalisation abilities of avian predatorsitss possible, that avoidance to novel
warningly coloured prey may be caused by genetadiseof it to another familiar
aposematic species (even if there is no similarty pattern, just because of
conspicuousness). Moreover, warning colouratiomesized usually in several few
colours — red, yellow in combination with white abthck (see Rowe and Guilford
1999) and predators may generalize these colourns. possible that neophobia to
conspicuousness as described higher may be caugedeteralisation of new
conspicuous prey to another unprofitable, famiiae.

Our experiments showed that the unpalatable prey pratected regardless of its
colouration, which suggests that another parametay influence the firebug
signalization. It is possible that birds could sm#ie scent of firebugs when
approaching it, but part of birds avoided attackihg cockroach shielded firebug
without approaching it to proximity. Moreover, theebug releases the solution actively
when disturbed (Socha 1993), so that most of tefsteldugs did not smell during the
trial at all. We can guess other optical signatg &g the firebug — the body posture, the
shape of antennae and legs or the whole body skdpeh could help the predator to
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recognize the firebug. These results suggest matigef exploration of the optical
signalization of the firebug.

Experiments with predators used to cockroach broggkie surprising results. Firstly
we proved equal attack rate of birds of both foagesience to cockroach-shielded
cockroach. Nevertheless, in subsequent trials ittiks lised to the cockroach were not
repelled by the warning colouration from attackihg firebug-shielded cockroaches.
Bird used to the mealworm were more ready to atfaely of worm-like appearance,
showed lower degree of curiosity to cockroach stigmey and were not able to find
the edible prey under the warningly coloured shi8llds used to the cockroach were
more ready to attack prey of cockroach-like appeagaso that they examined the
cockroach more and were able to find the prey urnkershield. The cause of this
observation can be different prey image in predgatmind formed during conditioning
to experimental prey (see Kelly and Marples 20Q@4ndstrom et al. (2001) proved
positive effect of familiarity of predator to cryptprey on avoiding the aposematic
prey. These results demonstrated possible evolutiowarning colouration as the
warningly coloured prey was avoided more by birdedito the cryptic prey. The
evidence for formation of a certain prey image bandeduced from these results. We
can suppose that formation of certain food imageei&ses the avoidance to something
different.

Both groups of experimental birds had roughly tame experience from the field and
in the laboratory there were only few days to leidwe prey (cockroach or mealworm).
This suggests that the formation and fixation ef piney image is quite fast. Gamberale-
Stille (2000) proved the positive effect of timesgn to the predator to watch potential
prey on formation of the prey image, but in thesgegiments she was interested in the
minute scale. Several days surely are time enoagmdmorize and fixate potential
prey. Nevertheless, length of this period is depahdn degree of dietary conservatism
of the predator (Marples and Kelly 1999). The greatcan be supposed as quite
foraging generalist species (see Kothbauer-Hellni&0); so that it has relatively low
degree of dietary conservatism. So it is possittdlese predators to change their food
preferences during few hours or days.

Our results suggest possible evolution of Batesianicry in population of edible prey,
but only under condition, that the avian predatas tow experience with the edible
prey in which the mimics evolve. If the prey is tabundant so that predator is very

familiar with it, the predator is able to recognibe edible prey even when mimicking
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an aposematic species and attacks it. If the meaglatively rare, the effect of prey
image supports the mimicry and warningly colourdible mimic is avoided. Marples
et al. (1998) proved the importance of predator’s diet@nservatism in evolution of
warning colouration not only in unpalatable preyt blso in the edible one. Moreover,
the necessity of low density of model species ie ohthe conditions of mimicry, so
that it enables the predator to have larger expegiavith the model, ad the mimic can
be protected (Komarek 2003).
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Effect of recent food experience on the reaction to
aposematic prey

Petr Vesely & Roman Fuchs
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ABSTRACT

Experiments with wild caught great and blue tRar{us major, P. caeruleus) testing the
effect of their recent food experience on theirctiesm to new or familiar, palatable or
unpalatable, cryptic or warningly coloured prey veasried out. Two species of prey
was used — the palatable Guyana spotted cockrdeptiCa dubia) and unpalatable
red firebug Pyrrhocoris apterus). To modify the insect prey, paper sticker shiglced
on its back was used. The shield was of two pasghlterns — the cryptic cockroach
pattern or the warning firebug one. Predators wsete cockroach or to the mealworm
were used. Firstly, the effect of neophobia of pteds used to the mealworm toward
the shielded cockroach was tested. Later the efigiredator experience with the
cockroach to i) the neophobia to the shield, i@ #wersion to the unpalatable but
cryptic prey, iii) the aversion to unpalatable, miagly coloured prey was tested. The
great tit did not show any degree of neophobidéopaper shield, so that it could not be
affected by its cockroach experience. Contranhis, there was a significant degree of
neophobia in blue tits. This neophobia was elingdaby familiarization of blue tits
with the cockroach. There was a significantly higheportion of attack of great tits as
well as blue tits familiarized with the cockroath,the firebug with a cockroach shield
than those used to the mealworm. This effect waspnaved in case of warningly
coloured firebugs (in both predator species) —abpesematic signalization is very well

rooted in predator mind and cannot be influenceddfpod experience.

Keywords: neophobia, palatability, food experiengarning signalization.
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INTRODUCTION

Several decades ago, the importance of predatperierce on its reaction toward prey
was experimentally examined (Coppinger 1969, 19H3jpecially important were
parameters affecting the reaction to novel preyedator was assumed to have no
experience). Since these times two basic procex$asing reaction of a predator to
novel prey were described (see Marples and KelB91®r review). Both of them may
cause avoidance but both of them work completdfemint. Nevertheless, it always is
not easy to distinguish between them. The first aealled neophobia and was
described as an immediate aversion to novel praybBsically, this term had broader
meaning describing any aversion to novelty regasdt# its cause (e.g. Greenberg 1983
or Schlenoff 1984). In 96 Marples and Roper (1996) and Marpletsal. (1998)
showed the difference between immediate aversieaplmobia) and aversion caused by
life experience of predator — so called dietarysammatism. This other process basically
has the same effect on the result of encountereafgtor and prey (the avoidance), but
it has been proved that dietary conservatism isenstaible state and it usually causes
stronger avoidance than neophobia. Generally, tegarg conservatism forms strict
model of potential prey and we can say it affebis degree of specialization of the
predator (Greenberg 1983; Webster and Lefebvre ;20@ftke-Hofmannet al. 2002).
The difference between dietary conservatism andpm@mia can be distinguished
according to the diminishing of the aversion to eldvut profitable prey (Marples and
Kelly 1999). Aversion caused by the neophobia ugusilof quite short duration and in
a few minutes is the novel prey accepted as gemedalto another familiar one
(Schlenoff 1984). The dietary conservatism usudbes not allow the predator to
generalize the novel prey to another one; the aretast longer and sometimes may
not disappear at all. Kelly and Marples (2004) désd the process of accepting novel
prey which is refused because of the dietary camasiem. There are two possible ways
of obtaining the dietary conservatism (as well las meophobia) — learned and innate
avoidance. There were several studies provingrihaténess of the avoidance (Smith
1975; Lindstromet al. 1999; Rowe and Guilford 1999; Jetzal. 2001), nevertheless it
is not always evident if this innate avoidance asised by the neophobia or dietary
conservatism. In the other case, the avoidanceaméd during predators live as it
meets unprofitable prey, tries to attack and firmlg the unprofitability. It is a
probability, that both processes may play its rdlae predator is born with some
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picture of an acceptable prey and this pictureorsnéd (widen or narrowed) during
predators live.

As mentioned above the dietary conservatism mayecalifferent degree of food
specialization of predator. It had been proved tifferent predator species show
different level of dietary conservatism toward geme novel prey (Coppinger 1970;
Marpleset al. 1998). Greenberg (1983) showed different acogssvel prey in two
closely relative but differently specialized wamrdpecies. The species differed not only
in their dietary, but also in their habitat and roltabitat specialization. Similar results
described quite comprehensive study with 61 paspeicies (Mettke-Hofmangt al.
2002). Webster and Lefebvre (2000, 2001) examihecheophobia and foraging skills
in neotropical passerine and columbiform specied @moved high interspecific
differences. It is evident that species with highegree of specialization (foraging
specialization may be in connection to habitat atieer forms of specialization) show
higher aversion to novelty. At the same time moemegalist species show higher
readiness to experiment and are considered to bagloér intelligence (e.g. Kothbauer-
Hellmann 1990; Chappell and Kacelnik 2002). In gesars the effect of intraspecific
variation on the novelty avoidance had been examnifeeg. Verbeeket al. 1994;
Dingemanseet al. 2003). These results show that we can measureddigece of
specialization even within one species; nevertselegbese results are not as
considerable as between species.

We have already said that the dietary conservatiay be innate, and may be formed
during predators live. But it is not clear yet, howch experience does the predator
need to accept or refuse the prey in differentestagf it's live. We can guess that the
degree of dietary conservatism is constituted dusaveral first months of predators
live and after this period it is quite hard foitat accept something new. Length of this
sensitive period may differ between species butegsly it should correspond to
sensitive period of learning of other importane ldbilities like mate resolution (e.qg.
Bischof and Clayton 1991) or singing (e.g. Marlé®1). According to this assumption
we can suppose that adult predators do not chéwegedietary preferences much easily,
and any short food experience would not change thaction to their prey. The effect
of immediate food experience on the reaction ofdagter to prey has rarely been
examined before. Several studies tested the effe@xperience on the reaction to
aposematic prey (Coppinger 1969, 1970). Resultkirdstrom et al. (2001) proved
lowered number of attacks of predators familiathwatyptic prey to conspicuous prey.

24



The birds familiar with the cryptic one avoided tagosematic prey more than those
without any experience. This suggests that birdweebduring familiarization with the
cryptic prey a certain picture of potential preydamnything different from this picture
was avoided (especially when conspicuous). Accgrdon higher mentioned, we can
assume that different picture of preferred prey enadpredators mind might change its
reaction to any other prey.

In the present study, we studied the importanceeftéct of recent experience on
neophobia and prey image of individuals of two dpecies RParus major, Parus
caeruleus). Our experiments were carried out using papekeatishields with different
patterns placed on insect prey, modifying prey e@ton. Firstly, we tested the
neophobical aversion of tested birds toward edio&y carrying the paper shield with
non-warning pattern (a cockroach with shield wititcladoach pattern). Later the effect
of food experience on this neophobia was testedt Experiment compared reaction of
birds used to the mealworm and a cockroach asyatpreockroaches with cockroach
shields. Second experiments tested the effectenfgtor experience on its reaction to an
unpalatable but cryptic prey (a red firebug wittogkroach shield). Lastly we tested the
effect of recent experience of the bird predator itsnreaction to an aposematic
unpalatable prey (a firebug with a firebug shielthe difference between both tested

predator species was described.

MATERIAL AND METHODS

Experimental prey
The red firebugPyrrhocoris apterus (L., 1758) has a red and black colouration proved

as warning (Wiklund & Jarvi 1982, Schlee 1986, Exnaet al. 2003, 2006) together
with chemical defence based on short-chained atkane their derivatives, produced
by repugnatory metathoracic glands (Farsteal. 1992). The experimental firebug
individuals were collected in the surrounding @dské Budjovice (South Bohemia,
Czech Republic) during years 2004 and 2005. Grofig#rca 50 individuals were kept
in the laboratory in glass jars (15 cm in diametBry linden tree seeddi{ia cordata)
and water were supplied! libitum.

The Guyana spotted roadBlaptica dubia (Audinet-Serville, 1838) is used as common
feed for insectivorous animals. In our experimehis second and third larval instars

were used (8-14 mm in length). It is of brownishocos with dark and pale spots and
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has no chemical defence. The experimental indivedware kept in glass terrarium (40
x 30 x 20 cm) in dens population. Fresh vegetatderdt, beet root and potatoes), dry
cat and dog foods and water were suppdiet bitum.

Both insect species were reared &(&nd long-day (18 h light, 6 h dark) conditions.
The natural colouration of experimental prey wadlifed using paper sticker shields
(see Appendix Figures 1, 2, 3, 4). There were twssible patterns on these shields.
The first pattern represented the cockroach andtter the firebug as seen from above.

Both patterns were obtained by taking photographmmth insect species.

Experimental predators
Adults of two tit speciesRarus major L. 1758 and Brus caeruleus L. 1758) caught

with the mist net in the vicinity afeské Budjovice (South Bohemia, Czech republic),
were used as experimental predators. Captures eogr@ucted during years 2004 to
2006 except for the breeding seasons (May to JWg.are provided with licenses
permitting catching and ringing birds (Bird Ringir@entre Praha No. 1004) and
experimentation with animals (Czech Animal Welf@emmission No. 489/01). Birds
were kept in standard birdcages at lowered indeamperature and under outdoor
photoperiod conditions. Birds were acclimated te taboratory conditions and food
(sunflower seeds and mealworms or roaches — sqeechtaals) for 1-2 days prior to

experimentsThey were ringed and released immediately aftgistfinished.

Experimental equipment
The experimental cages were made from wooden drdnwes (0.7 m x 0.7 m x 0.7 m)

covered with wire mesh (2 x 2 mm) with the frontlwaade of one-way mirror (see
Exnerovéet al. 2003, for details). The cages were equipped writh perch, a bowl with
water, and a rotating circular feeding tray, camtay six small cups (a single cup
contained a prey item during a trial). The distabheaveen the perch and the tray was
approximately 25 cm. The bottom of cups was of a/tziblour. Standard illumination
was generated by light source (LUMILUX COMBI 18WSRAM) that simulates the
full daylight spectrum.

Trials
There were 140 tested individuals of each tit gmecihe birds of each species were

divided into two groups. The first one of 80 indivals was used to mealworms as a

prey during the acclimatization to the laboratoFiie other of 60 individuals was used
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to cockroaches. Subsequently the birds from the firoup were divided into four
groups (20 individuals each). The first group wéfered the cockroach without any
shield. The second group was offered the cockreatththe shield with pattern of the
cockroach. The third group was offered the firelnith the cockroach shield and the
fourth group was offered the firebug with the fugbshield. The birds used to the
cockroaches were divided into three groups of 2ividuals. The first one was offered
the cockroach with the cockroach shield, the sedtedfirebug with the cockroach
shield and the third the firebug with the firebugetd. To avoid pseudo-replication,
each individual bird was used for a single seridsias only.

Each bird was placed into the experimental cagerbahe experiment in order to adapt
to the new conditions, and was provided with foatedélworms or cockroach) and
water. The bird was deprived of food for 1.5-2.5utsobefore the experiment to
increase its motivation. The bird was assumed teebdy for experiment as soon as it
attacked offered prey (mealworm or cockroach) imiatety after offering. Each
experiment with an individual bird consisted ofeaiass of 4 immediately succeeding
trials, in which 2 control preys (mealworm or camikeh) and 2 experimental prey
(cockroach or firebug) were offered alternatelygrtetg with the control prey. The
control prey was used to check bird’s motivatioridiage, and the trial ended after the
prey had been eaten. The trials with experimemtg} plways lasted 5 minutes.

A continuous description of the bird behaviour wasorded in the program Observer
ver. 3 (1989-1992, ©Noldus) and simultaneouslyetkgeriment was recorded with the
camera. We distinguished three possible resulesaoh trial: (1) the experimental prey
was neither handled nor killed during the 5 minutesting trial; (2) the prey was
handled (touched, pecked or taken by the bird’§ biit not killed; (3) the prey was
killed.

Statistical analysis
We used the numbers of birds in each experimemtalpgthat handled/killed at least

one of the two offered experimental prey for thatistical analyses (all tests were
performed in Statistica 5.5, 1984-1999, © StatSlwit,). The Fisher's exact test was

used for their analysis.
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RESULTS

See Appendix for numbers of great and blue titsdhag or killing offered prey
(Figures 6 and 7) and for results of statisticald€Tab. 2).

The effect of neophobia to the paper shield (experients with predators
used to the mealworm)

Great tits handled and killed the shielded cockineacequally as the non-shielded ones.
Blue tits showed some degree of neophobia as theglad and killed the cockroaches
with cockroach shields significantly fewer than toekroaches without any shields.

The effect of recent experience on the presenceradophobia
Great tits handled and killed cockroaches with coa&h shields regardless of their

experience with the cockroach. Blue tits used ® d¢bckroach showed no degree of
neophobia as they handled and killed shielded cackres more often than birds used

to the mealworm.

The effect of recent experience on the reaction tmpalatable prey
Great tits as well as blue tits used to the coddrcattacked firebugs with cockroach

shields more often than those used to the mealwBoth tit species killed the firebug

with the cockroach shield minimally regardlesstdit experience with the cockroach.

The effect of recent experience on the reaction sposematic prey
Great tits as well as blue tits used to the coakrdaandled and killed firebugs with

firebug shields as rarely as those used to thewoead.

DISCUSSION

Our experiments proved difference in neophobicalctien between both predator
species. The great tits showed lower degree ofareto shielded cockroaches than the
blue tits did. This result can be explained by guiifferent foraging ecology and
behaviour of these two species as the greatdiblis to exploit broader supply of niches
(see Harrap and Quinn 1996 for details). Contrarhése differences, results of studies
describing the learning and memory abilities (Gdayt1998) and willingness to
experimentation (Kothbauer-Hellmann 1990) provesltihue tit practically as gifted as
the great tit. Nevertheless the works mentionegrevious sentence described the
abilities of wild populations of birds; we can sogp that in laboratory conditions the

blue tit is not as adaptable as the great tit is.
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The effect of different food experience on predagaction to novel or unpalatable prey
was surprisingly weighty. As the great tits showedneophobia, there was no effect of
food experience on it. Nevertheless, the blueféisiliar with the cockroach, showed
high increase of willingness to attack shieldedkcoach and there no longer was any
noticeable mark of neophobia. We can suppose thd¢ Bamiliar with the cockroach
had changed picture of potential prey and wereneophobical toward shielded prey.
The aversion of both tested species (with mealwexperience) to non-warningly
coloured unpalatable prey was enormous. We canaosepthat birds were able to
recognize the firebug even when covered with thekimach shield. We cannot suppose
that birds were able to smell its repugnatory sdeetause many of experimental birds
refused to attack the shielded firebug without apphing it to proximity and the
firebug scent can not be smelled on several decdnieMoreover, the firebug releases
the solution actively when disturbed (Socha 1988)that most of tested firebugs did
not smell during the trial at all. The firebug hHassend another optical signal than the
colouration tot the predator. We can guess sewgttal characterisations according
which is the firebug quite recognizable, like itslly posture or leg and antenna shape.
Overwhelming majority of birds of both species usedthe cockroach attacked the
cockroach-shielded firebug. We can suppose thaéexperience with the cockroach or
the mealworm changed their picture of potentialypretwo different ways. Birds used
to the mealworm were ready to attack a worm-likey@nd any prey different from this
picture wasa priori avoided. Contrary to this, birds used to cockroaehe ready to
attack a beetle-shaped prey and this beclouded #@hdity to recognize the firebug
hidden under brownish paper shield. Nevertheless,can guess that there was the
effect of colouration, as the firebug was mimickihg cockroach with shield pattern,
and this enhanced the probability of mistake indpter attack. Birds used to the
cockroach might attack the firebug because theyghbit is the cockroach.

Reaction of both tested predator species to walnicajoured unpalatable prey was not
affected by their food experience. Birds used t® tlockroach avoided the firebug-
shielded firebug equally as birds used to the meaiw That suggests that the effect of
food experience is not as important in encountea pfedator and an aposematic prey.
The birds did not have to show much effort to rexpg the firebug, so that there were
much fewer mistakes caused by their experience thghcockroach. The avoidance to
aposematic prey is strongly rooted in birds mindl @ not so easily changeable.

Nevertheless there was some insignificant incr@asdtacking the red firebug in birds
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of both species which were used to the cockroatlat Supports the theory that the
birds, which decided to attack the firebug with tlebug shield, were more ready to
attack some beetle-like insect rather than somecinsf cockroach colouration like in
previous experiments. They did not think they dtac&ing the cockroach because the
firebug was completely differently coloured. Thisggests that their prey picture was
changed. This is quite serious result as many qfeemental works testing the
aposematic signalization of insect prey (usuallitdrtlies or bugs) use as a control prey
some worm-like prey (e.g. Jaret al. 1981; Gamberale and Sillén-Tullberg 1998;
Exnerovéet al. 2003, 2006). Because of the control prey, theupicof potential prey in
predators mind may be changed and predators shoidamce caused not only by the
warning signalization but also by the food exper&nThat suggests the necessity of
diversity of control prey in any experiments withian predators, so that we can be sure
about the width of their prey image.

It is evident that food experience has very sigalfiit effect on bird foraging behaviour.
It is quite surprising that the experience can hanged so easily. Birds used in all of
our experiments were adult wild caught, so thay tbeuld be supposed to have the
same food experience from the field. After beinggtd, there were only one to two
days given to the birds to get used to experime@}l (mealworm or cockroach). This
quite short time sufficed to them for changing tHebd preference. These preferences
were changed so strongly that they made the pnedato attack unpalatable and
potentially dangerous prey. In chapter introducteotheory, that predators form their
dietary habits during some quite short time afteing fledged, was mentioned. This
theory assumes that older predators are not abdbdnge their food spectrum easily
and this effect was described as dietary consematsee Marples and Kelly 1999). Our
results show that food preferences of adult (astléaur months old) birds can be
changed quite easily. The reasons for this disogpanay be the species of tested
predators. Regardless of foraging differences batwgreat and blue tit mentioned
above, both tit species can be doubtless assumedit@sgeneralist species of birds.
Generalists are supposed to be more ready to exgetiand change their food
preferences (Greenberg 1983), so that practicallgiatary conservatism is present in
these species. We can guess if the effect of fogukreence would have the same

importance in some more specialist species.
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Appendix

Tablel — Results of statistical analyses (Fishaceg-values)

First prey in analysis Second prey in analysis VAt
Predator Prey Shield type | Predator Prey Shield type| Handling Killing
used to species used to species
Mealworm Cockroach  Cockroach| Mealworm Cockroach  Firebug @00 0.0012
Mealworm Cockroach Firebug Mealworm Firebug Firebug 0.4075 .3406
Mealworm Firebug Firebug Mealworm Firebug Cockroach 1 1
Mealworm Cockroach  Cockroach| Cockroach Cockroach  Cockropacl?2308 0.0471
Mealworm Cockroach Firebug Cockroach Cockroach  Firebug 0 0
Table 2 - Results of statistical analyses (Fisiacep-values)
Predator | First prey in analysis Second prey in analysis IvAhtgt
species | Predator Prey Shield Predator Prey Shield Handling Killing
used to species type used to species type
Parus Mealworm Cockroach None Mealworm Cockroach Cockroach| 1 0.6948
major Mealworm Cockroach Cockroach| Cockroach Cockroach Cockroach| 0.2308 0.0471
Mealworm Firebug Cockroach Cockroach Firebug Cockroach<<0.001 0.0471
Mealworm Firebug Firebug CockroachFirebug Firebug 0.4075 1
Parus Mealworm Cockroach None Mealworm Cockroach Cockroach| 0.0004 0.0004
caeruleus | Mealworm Cockroach Cockroachl Cockroach Cockroach Cockroach| 0.0033 0.0004
Mealworm Firebug Cockroach Cockroach Firebug Cockroach 0.0012 1
Mealworm Firebug Firebug CockroachFirebug Firebug 0.3416 1
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Fig. 1 — The Guyana spotted roach Fig. 2 — The Guyana spotted roach Fig. 3 — The red firebug Fig. 4 — The red firebug
(Blaptica dubia) with the (Blaptica dubia) with the (Pyrrhocoris apterus) (Pyrrhocoris apterus)
cockroach shield firebug shield with the cockroach shield with the firebug shield

W handling

mkilling

cockroach firebug cockroach

cockroach

firebug firebug

cockroach cockroach firebug firebug cockroach cockroach

used to mealworm used to cockroach

Fig. 5 — Numbers of great tits that handled oekilht least one of two offered prey.
Under each column there is: i) Shield type
i) Prey species
iii) Experience of bird predator
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20

mhandling
mkilling

cockroach|cockroach|cockroach |cockroach firebug firebug

cockroach|cockroach|cockroach firebug firebug firebug firebug

mealw orm |mealw orm |[cockroach|mealw orm [cockroach | mealw orm |[cockroach

Fig. 6 — Numbers of great titBgrus major) that handled or killed at least one of two oftepeey.
Under each column there is: i) Shield type
ii) Prey species
iii) Experience of bird predator

mhandling
I mkilling
] 1

- cockroach|cockroach|cockroach|cockroach firebug firebug

cockroach|cockroach|cockroach firebug firebug firebug firebug

mealw orm [mealw orm |cockroach| mealw orm |[cockroach |mealw orm |[cockroach

Fig. 7 — Numbers of blue tit§érus caeruleus) that handled or killed at least one of two oftepzey.
Under each column there is: i) Shield type
i) Prey species
iii) Experience of bird predator
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