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UvoD

INTERAKCE K@IST — PREDATOR

Stretnuti kdisti s predatorem probiha vzdy ve stejném sleddosta Predator nejive
kotist objevi, pak ji rozpozna podle charakteristidkymaki a nasledé se predator Kdasti
zmocni a poie ji (Endler 1986). V kazdém #dhto kroki mize ovSem dojit kigruSeni
predatora (v sazce je hladow), takZze je na Kast vyvijen velky tlak, aby se predaci
n¢jakym zpisobem branila (Abrams 2000). Jedny z s&jBjSich obrannych strategii Keti

jsou bul’ odstraSeni predatora, nebo skryti se.

Kryptické zbarveni

Organismy, u kterych je vysoké riziko predace, mol@ako ochranu fed predatory
vyuzivat kamuflaz. Diky ni si predator prapddobré vSimne napadijSiho kolegy a
krypticky organismus tak ziskdva obrovskou vyhoBdriunds 1990). Maskovani mohou
ale organismy vyuzivat také ke znesnadnodhaleni nebo rozpoznani moznouitd Ci
parazitem (Stevens & Merilaita 2009a). Kamuflazhs@g¥ vyskytuje uc¢asto predovanych
organisnii, pokud jsou ovSem naklady na jeji vyitgni pro organismus unosné (Ruxton et
al. 2004). Organismy mohou kamuflaze dosahouahymi zpisoby, které jsou nasleén
detailrgji rozebrany.

Aby byl organismus na podkladu co nejraémapadny a nevzbuzoval pozornost, musi
s timto pozadim co nejlépe splyvat (Endler 197&Rexton et al. 2004). Pro organismy je
vhodné pouzit taktikisplynuti s pozadinv prostedi, které je jednoduché a jednotvarné.
Pouze tehdy maiji totiz vysokou prapddobnosti Usného napodobeni tohoto pozadi.
V rozmanitém progedi uz pro organismus neni vhodné volit zbarvetgrék odpovida
nahodnému vydru z pozadi. Kaist, ktera barevh splyva s nahodnvybranym vzorkem
pozadi, pak totiz nemusi snizit préagddobnost odhaleni predatorem. Naopakiskoktera
je Spatw odhalitelnd, nemusi byt zbarvena Gpstejre jako pozadi (Merilaita & Lind 2005).
Zvitata se vSak neomezuji pouze na maskovani barvaenkrypsi fispivaji také #izné
morfologické struktury nebo ztdta mohou k maskovani vyuziizné materialy, které se

v jejich okoli EZn¢ nachazeji (Stevens & Merilaita 2009a).



Na prvni pohled podobnym mechanismenmmaSkarada V tomto gipad vSak nejde o
to byt neviditelny, ale spiSe nddZity. Zvifata vyuZivajici maSkaradu totiz mohou byt
napadna, ale vypadaji jako nejedlyasto i nezivy pedmet, jako napiklad wtvicka, trn, list,
kamen nebo dokonce piatrus (Skelhorn et al. 2010). Ndilad pakobylky jsou velmi
znadmym zastupcem hmyzu vyuZivajiciho masSkaradyhkame pred predéatory (Skelhorn et
al. 2010). Elo maského konika s vymluvnym jménetasovnik rozedranyPhyllopteryx
eque$ pokryva mnozstvi vyistka, které z konika vytu@ji objekt podobny nmiskymiasam
(Ruxton et al. 2004). Ria misti v maskarad jsou rekteri zastupci lelk (fad
Caprimulgiforme} jako napiklad ameriti potuové {eled’ Nyctibiidag nebo indo-australsti
lelkouni ¢eled’ Podargidag, kteri se podobaji pah§in vétvi (Burnie & Hoare 2007).

Disruptivni zbarvenije soubor skvrn, které vytigi mylnou iluzi okraj a hranic.
Optickym rozbitim &la organismu je znesnathma jeho detekce a také rozpoznani obrysu a
tvaru €la (Stevens & Merilaita 2009b). K vytieni dojmu okraje nebo hranice tam kde
neni, organismy vyuZzivaji kombinaci kontrastnichelbaumisténych vedle sebe. Gotmark &
Hohlfalt (1995 ex Ruxton et al. 2004) zkoumali szhost lidi objevit samici a samce lejska
cernohlavéhoKicedula hypoleucana strond. Vysledky givodné nazngovaly, Ze samec je
Spatré odhalitelny diky disruptivnimdernobilému zbarveni, zatimcodada samika splyva
s hredym pozadim. Nicmén hra s¥étla a stinu, kterda mezi listim agtvemi vytvai
kontrastni pozadi, fiie same&kovi poslouzit ke krypsi stefnjako hréda kira v gipact
samice.

Vhodnym kombinovanim kontrastnich a nekontrastnibelniev jsou ufité casti €la
vyrazné a ftahuji pozornost, kdezto jin€asti jsou velmi nendpadné (Cott 1957).
Disruptivni zbarveni je také vyuzivano k zamaskdyamuze wité ¢asti €la. Velmi kézné je
ukryvani @i, které jsou citlivym, velmi péebnym a nenahraditelnym organem (Ruxton et
al. 2004). Strnadi podhorstiEfnberiza sulphuradasmeiuji atok negasgji na hlavucerva.
Nicmére kdyZz byly nacervech nakresleny malé skvrny napodobuijigi, ptaci klovali
pievazrig do mist sdmato unglyma aiima (Blest 1957). @ jsou maskovany dikytiznym
kontrastnim prutim a jinym Gtvaiilm a naopak faleSn&wi skvrny jsou vytvéeny na jinych
castech dla. U zastupg klipek (rod Chaetodoh se maskovani & vyskytuje u pevazneé
vétSiny druhi. Kromé disruptivni funkce mZze slouzit také k signalizaci nejedlosti
(Neudecker 1989). Skvrny vytiené na kdlech kryptické késti zvySily nebezp&
napadeni predatorem. Kdyz ale byly tyto skvrny eakany na #dlech napadné kisti,
predatdi se této kaisti vyhybali (Stevens et al. 2008)¢@d skvrny, pokud jsou dostate
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velké, mohou predatorovitipomenout ¢i pro rgj nebezpéného zvfete. Tento efekt e
byt jeS€ umocrén, pokud se éni skvrny, které jsou normalrskryté za nenapadnadsti
téla, nahle objevi (Tinbergen 1974 ex Stevens 2005).

Countershadingje nazev pro jev, ktery organismy vyuzivaji keSami kontrastu mezi
oswtlenou a zastimou¢asti svéhoda, pi pohledu zboku. Ta poloving&léa, na kterou sviti
slunce, je zbarvena tmgv nez ta, ktera je ve stinu. Organismus tim dosatyruseni
pirechodu mezi sitlem a stinem a snizuje tak svou napadnost. Narpoeatele fisobi meg
plasticky a je tedyé#Si ho identifikovat jako Zivy trojrozénny objekt (Thayer 1896). Ve
studii Rowlandové et al. (2007) bylyar¢ zbarvené urié housenky fedkladany pt&im
predatodim. Housenky, které #&y tmavsi vrchni stranu, bylyied predatory chré&ny
mnohem Iépe neZ jednobarevné housenky, které psplyealy s pozadim. Pro housenky
zdrzujici se na spodnich stranachiligt vhodrjSi mit tmawji zbarvenou ESni stranudla,
ktera je v tomto fipact vice os¥tlena. A tyto housenky byly opravdu lépe chiréy nez
jednobarevné krypticky zbarvené housenky (Rowlahdale 2008). Vodni zivé&ichové
mohou s¥tlejSiho zbarveni na ventralni stéaa tmawjSiho zbarveni na dorzalni stéan
vyuZivat pro mateni pozorovatele, ktery se divpads nebo shora. V tomtdgipad se ale
jedna o vySe zmibvané splynuti s pozadim (Ruxton et al. 2004).

Krypse nemusisobit pouze na vizuatnse orientujici Zivéichy. Proti predatdm, ktei
svou kdist vyhledavaji sluchem, jecinnym zpisobem ochrany tité omezeni vokalizace
po dobu vysokého prediaiho tlaku. To vSak ize mit dopad na mnoho oblasti Zivotaud
je to lakani partnera, nebo rtégpad obhajoba teritoria. ®ktefi Zivocichové si proto vyvinuli
jiné mechanismy pro svou ochranu. Jsoutiz¢ modifikované hlasy, které je obtigai
zaneiit a umouji tedy svému fvodci ukitou miru krypse (Ruxton 2009). Tento jev je
béZzny u varovnych hlas ptaki (Klump et al. 1986). Chemickou krypsi vyuZzivaji keé
ochrarg housenky Mechanitis polymnia(celed Nymphalidag jejichz predatory jsou
mravenci Camponotus crassu€eled Formicidag. Hostitelskou rostlinou housenek je
Solanum tabacifolium(¢eled” Solanaceage a pra¢ kutikularni lipidy této rostliny jsou
podobné lipidm v kutikule housenek. polymnia Diky tomu, pokud se housenka nachazi
na této rostlia, mravenci po niigchazeji jako podtvicce a nechavaji ji bez sebemensiho

z4jmu (Portugal & Tringo 2005).



Vystrazné zbarveni

Vystrazné zbarveni je hajnvyuzivano pro svou schopnost odrazovat predatGott(
1957). Na jednu stranu toto zbarveni pouta pozéraasrySuje pravipodobnost odhaleni
(Ruxton et al. 2004). Na stranu druhou je ale napstjasnym signalem toho, Ze se jedna o
kotist uritym zpisobem nevhodnou (Cott 1957, Ruxton 2004).fig€os vystraznym
zbarvenim je odhalitelnd na delSi vzdalenost neptiaka, coz by o predatorovi
poskytnout delSicas na rozmysleni a rozpomenuti na negativni zkg$ese stejh
vypadajici kaisti. VétSi vzdalenost mezi predatorem &ikb pxi jejim objeveni by také aha
zamezit chybdmiprozpoznavani kiasti. Predator ma totizipvéasném objeveni Kisti vice
¢asu a mMze si tuto kaist detailrgji prohlédnout. Tato vlastnost vystrazného zbarwesak
muze fungovat pouze na predatory,ikj& maji s touto kasti dostaténou zkuSenost a tuto
zkuSenost si stale pamatuji (Endler 1978, Guilftaé5).

Napadné signaly by &y spliovat rekolik podminek, pedevSim snadnou
rozpoznatelnost a zapamatovatelnost (Wallace 18 @joba napadnych sighanize byt
raizna, nejastji se uziva napadné zbarveni, ale 43sp se f#i odrazeni predatora mohou
uplatnit také signaly chemické, akustickgtaktilni (Rowe & Guilford 1999). Nicmén
vystrazné zbarveni je zdaleka nejstud@jgEim fenoménem (Guilford 1990). Mezi napadné
barvy vyuzivané { aposematické signalizaci patbezesporucerna, zluta,cervena a
oranzova (Endler 1988) a tyto barvy jsou vetasto spolén¢ kombinovany do napadnych
vzori (Poulton 1890).

Nicmérg rizni pozorovatelé mohou dity objekt povaZzovat za nenapadny na rozdilnych
pozadich. Heiling et al. (2003) ve svém experimgmuZzili pavouka &nika Thomisus
spectabili3, ktery lovi na kopretinovciigvnatém Argyranthemum frutescena svou bilou
barvou zanik& na bilych oktnich listcich této rostliny. Alespro lidské oko tomu tak je.
Hmyz schopny vi&t UV z&eni, jako jsou nafklad wely (Apis melliferg, vSak pavouka
vidi jako napad#& kontrastujiciho. Bkoliv je béZnik predatorem opylovd, jako jsou
zmirgné \ely, jeho gitomnost na k$tech je neodrazuje, ale naopak vice laka ké&tkv
priletét. To je dano ejme slabosti ¢el pro kwty s barevnymi vzory (Heiling et al. 2003).
N¢které organismy mohou z dalkyigobit krypticky, ale po fiblizeni pozorovatele vysilaji
aposematické signaly. Housenky otakarka fenyklov@Rapilio machaoh byly lidem
ukazovany viiznych vzdalenostech. Na kratkou vzdalenost byly sboky snadno
odhalitelné, stej jako upravené housenky, které byBerno-oranzové. S rostouci

vzdalenosti byly ale stale vice nenapadnéra bdhalitelné, ve srovnanterno-oranzovymi
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jedinci (Sillén-Tullberg et al. 2005). Kist miZe byt vystraZznd nejen svym zbarvenim.
Nevhodnost mize byt signalizovana také riidad zdpachem Kksti (Marples & Ropper
1996, Lindstrom et al. 2001), zvuky, kteréfikd vydava (Rowe 2002, Hauglund 2006),
typickym tvaremdla (Hough-Goldstein et al. 1993, Kauppinen & Mapp@83, Dolenska et
al. 2009) nebo postojem (Leal & Rodriguez-Robleg7)9

EVOLUCE APOSEMATISMU

Kofist, kterd je oproti ostatnim kryptickym soudinh vystrazna, je vystavena vysSimu
riziku predace. Jednak &l ztratt nenapadnosti, jednak v naivnim predatarm, ktei se
musi teprve naiit o nevhodnosti této pro ¢n neznamé kiosti. Nicméré hojnost
aposematickych druhdokazuje, Ze vystrazné signaly majéité specialni vlastnosti, které
korist presto zvyhoduji (Speed 2001).

Otazkou astava, jakou selekci se aposematismus vyvinul. &padstti jedinci jednoho
druhu secasto sdruzuji a vyt¥@ji shluky. Tyto shluky také umodji lepSi ochranu ied
predatory diky zesileni aposematického signalutédda& Mappes 1996, Gamberale &
Sillén-Tullberg 1996, Gamberale-Stille 2000, Rigtial. 2001). Na jednu stranu, pokud by
v této skupis byli ptislusnici jedné rodiny a jede&ien by zentel po napadeni predatorem,
ostatni by se pravpodobrg zachranili. Predator by totiziggm¢, odrazen negativni
zkuSenosti, nechal zbytek rodiny byt (Fisher 1930)omto @ipadt by se jednalo o kin
selekci.

Na druhou stranu, aposematismus mohl umoznit skérkotaké jeding negibuznych.
V tomto gipack by Slo o ,green beard” selekci, kdy si ,pomahggdinci, ktéi nejsou nuté
piibuzni, avSak jsou si podobni (Guilford 1985). Rtedby se tedy podle této teori€lpo
zkuSenosti s aposematickym jedincem vyhybat podwobjgdindim. Z toho by pak i
teZit jedinci podobni, &uz pibuzni,¢i negibuzni.

Oproti tomu ale existuji také prace, které potvirzuysSi pravdpodobnost feziti
soliternino aposematického jedince po napadeni apweein, v porovnani s jedincem
kryptickym (Jarvi et al. 1981, Wiklund & Jarvi 198Prava&podobnost feziti by néla byt
u aposematické Ksti zvySena tuhym odolnynélem a také $tSi opatrnosti predatomri
manipulaci s touto kasti (Evans 1987). V tomtoftipact by Slo o individualni selekci.
Pokud by byli tito jedinci kryptiti, kvali snizeni napadnosti by séepn¢ zdrzovali kazdy
sam. Aposematickym jedidm ale nehrozi ztrata nenapadnostilkghlukovitému vyskytu,

naopak ze své napadnosizit Nic by jim proto nerflo branit shromafovat se a vyuzivat
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vyhod, které Zivot ve skupinumoziuje (Guilford & Rowe 1996). Neni proto jasné, zda s
aposemaititi jedinci shlukuji kwili lepSi ochras nebo jestli samotné shlukovani nebylo
praw ten jev, ktery roz$eéni a udrzeni aposematismu umoznil (Guilfor & RAW86).

S otazkou, zda sefipvzniku aposematismu jednalo o kin nebo individiaelekci,
souvisi také otazka, jestli vznikloride vystrazné zbarveni nebo nechutnost. Geny pro
nechutnost by ®ly byt podpdeny individualni selekci, protoZe nechutnost bylam
zvyhodnit jedince, u kterého se objevila. To alatippouze v fipac, Ze tento jedinec
piezije. Pokud by aleigel o Zivot, vyhodu by mohli mitifbuzni vyskytujici se pobliz
(Harvey & Paxton 1981). Podle studie Guilforda @PBy vznik vystraZzného zbarveni u jiz
nechutné kiisti nemohlo podpigt teorii Ze aposematismus vznikl diky kin selekta by
podle & mohla byt uvazovana ipac, Ze by zbarveni a nechutnost vznikly spoée
AvSak pra¥ vznik vystrazného zbarveni u jiz nechutn&i$t je hypotézou, ktera je také
nejvice podporovand (Harvey & Paxton 1981, Guilfa:@B8, Alatalo & Mappes 1996,
Sillén-Tullberg 2000). Nechutnost se totifize vyvinout pordrné jednoduchymi zfisoby.
Muze to byt diky pechodu organismu na jedovatou Zivnou rostlinu netky ukladani
toxina v téle organismu. Pokud by pak tatoflgh svou nechutnosti dostaite€ odpuzovala
predatory, vznik znaku urychlujicih@eni a posilujiciho pa#ét predatod by byl pro kdist
velkou vyhodou (Marples et al. 2005). Nicndéuiky potravnimu konzervatismu mnohych
predatof nejsou nemozné ani dalSiéhypotézy. Prvni hypotézargupoklada spotay
vznik nechutnosti a vystraznosti (Ruxton et al. #0@ruha hypotéza pak uvazuje rigye
0 vzniku vystrazného zbarveni, za kterym teprvdea@wval vznik nechutnosti (Marples et
al. 2005).

ROZPOZNAVACI SCHOPNOSTI PTAK

Pro geziti vSech predatdrje schopnost najit a také ziskat vhodnotistanezbytna. A
k tomu jsou dlezité nejen dovednosti fyzické, ale vyznamny whaji také schopnosti
senzorické a kognitivni. Ty jsou velmiuldzitym cinitelem g evoluci aposematismu,
protoze ovliwuji evoluci designu signalvysilanych kaisti (Guilford & Dawkins 1991). Ve
studiich zkoumaijicich interakce predét@ kdisti jsou nefastji pouzivanymi predatory
ptaci, jejichz senzorické a kognitivni schopnosti avSem vyrazh liSi od schopnosti
lidskych.



Ptac¢i smysly

Ptaci se stefhjako lidé orientuji pevazié podle svého zraku. To vSak neznamena, Ze se
na Wci divame stejnymadima. Zrakové schopnost ptalke totiz zn&né odliSuji od zraku
lidského (Cuthill et al. 2000). Ptaci majicipcich minimalg ctyii typy fotopigment a
néktefi ptaci jsou navic schopni \dUV oblast spektra (Cuthill et al. 200@)ich u wtsiny
ptaki neni velmi dobe vyvinut a upednosiovanymi smysly jsou zrak a sluch (Roper
1997). Ptaci maji ve srovnani s jinymi obratlovalonchwovych pohark a tedy ani chii
neni na moc vysoké urovni (Sturkie & Whittow 2008popak sluchové schopnosti piak
jsou velmi dobré a obeé&nodpovidaji komplexnim vokélnim schopnostem (Dayplif
Popper 2000).

Psychologie ptéich predator

Pri studiu reakci pt&ch predatar na iznou kdist bylo odhaleno &kolik procesi, které
ochotu ptak napadnout tuto Kest vyrazré ovliviuji. Casto se take bez ohledu na kvality
kotisti (zbarveni, ochrana), avSak tyto procesy myshhtre zohledrgny pri studiu evoluce
vystraznych signal (Guilford & Dawkins 1991).
Neofobie a potravni konzervatismus

V obou ipadech jde o odmitani potravy neznamé. Neofobieyskytuje u predatdr
naivnich a jde o odmitavou reakci na neznamou ywotir&urata gistupovala k no¥
zbarvené kiisti i vodk po delSim vahani nez k pottaa vod znamé barvy (Marples &
Roper 1996). Pokud je vSak tato potrava jedla dioe ziska pozitivni zkuSenost, neofobie
velmi brzy vymizi (Marples & Kelly 1999). Potravikbnzervatismus je odmitava reakce
dosglych zkuSenych ptakna novou potravu. Na odbourani této reakce pregdétiebuje
ponerné dlouhou dobu, a pokud je v nabidce znam#askonemusi predator novou kst
prijmout nikdy. K odbourani potravniho konzervatisohachézi v skolika krocich, kdy se
predator zp&atku ke kaisti priblizuje velmi vaha¢ (Marples & Kelly 1999).
Vrozena averze

U nékterych predatar miZze byt odmitava reakce na vystrazné zbarveni veoggohuler
& Hesse 1985, Roper & Cook 1989, Roper 1990). \eexpentu Ropera (1990) kata
piedstavujici naivni pta predatory odmitala napadat vystrazbarvenou hmyzi Kist &
uz byla tato kéist nabizena na kontrastnim pozadi, nebo na pomadiejné bary jako
korist. Ke stejnym vysledkn dosgly také experimenty s naivnimi sykorami (Lindstr@&m

al. 1999). Sykory si nevybiraly kst na zaklad kontrastu s pozadim, ale orientovaly se

7



Cisté podle jejiho zbarveni. NezkuSeni ptaci se tedy elusrientovat podle vrozené
preference nebo averzéd urcité bang.
Uceni

Nektefi predatdi se naopak musi o nevhodnosti aposematickistkocit. Aposematicka
korist pritom mize toto @eni ovlivnit. V praci Gittlemana a Harveyho (198® predati
nawili bez problému vyhybat vystrazné nechutnéistd Jenomze ve stejném experimentu
se tito ptai predatdi nawili vyhybat také nevystrazné nechutné fikb. Vyhodou
vystrazného zbarveni ale bylo, Ze se pred&aili této koristi vyhybat mnohem rychleji
(Gittleman & Harvey 1980). Stejrse predati ucili také v experimentu Sillén-Tullbergové
(1985), ale protoze byla v tomtdipads pouzita ziva ktist, bylo také mozné pozorovat vliv
zbarveni kaéisti na jeji pezivani. Vystrazné plogiy pestré Iygaeus equestiis
piezivaly setkani s predatory v dalekétSi mie, nez nevystrazné mutantni plokyi.
Zajimavé je, Ze i podmné pribuzné druhy sykor vykazuji naprosto odliSnour@ot Wit se
signdtim nechutné hmyzi Kkisti (Exnerova et al. 2007). Zatimco sykoran&dra se it
musi, sykory moiinky maji odmitavou reakci vrozenou.
Pamét

Pokud se predator néy Ze dana kigst je nevhodna, je proépvelmi dilezité si tuto
informaci uchovat. Proto je vystrazné zbarvenirétma vliv také na patt, nechutnou
kotisti hojrg vyuzivano. Predato si totiz negativni zkuSenost spoji sjins vyraznym
zbarvenim késti. F¥i dalSim setkani stimto vystraznym signalem si pa&dator svou
zkuSenost vybavi a to jej naslédadradi od Utoku. Navic bylo prokazano, Ze zkudenos
s vystraznou kigsti si predatti pamatuji déle, nez zkuSenost gikth nevystraznou (Roper
& Redston 1987). Na pam miaze mit vliv také zapach kasti. N¢které zapachy spojené
s negativni zkuSenosti predatora mohou ovlivnibjehovani dokonce veétsi mie nez
barva kdisti (Roper & Marples 1997).
Search image

VétSina predatdr musi ungt rozliSovat mezi vice druhy Ksti (Yumiko & Masakazu
2010). Pokud je Kdst krypticka, neni pro predatora jednoduché ji aidh Uspdnost
odhaleni takoveé Kasti muze predator zlepSit, pokud se faurysy, které jsou
charakteristické pro dany typ #sti — vytvari si search image (van Leeuwen & Jansen
2010). Takto se fize predator zadit na nefastji se vyskytujici typ kéisti a ostatni kiist,
ktera neni tak hojnd, jeghlizena (Yumiko & Masakazu 2010). Na jednu strgmytvoreni
search image mozné v jeden okamzik jen pro jeden kigisti (Bond 1983). Sojky
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chocholaté Cyanocitta cristata byly méré asgsné i vyhledavani dvou tyip koristi, nez
kdyz se musely n&it soustedit pozornost jen na jeden typilsti. Na druhou stranu byly
sojky schopné igpinat search image mezi éva typy kdisti, pokud byly nabizeny
postupr a toto pepinani nertlo Zadny vliv na rychlost hledani #sti (Dukas 2001).

Housenky Zivici se na listech rostlin zanechawap tisty viditelns ponicené. Nekteri
ptati predatdi mohou vyuzZivat tento signaliippmnosti housenek k jejich snag&imu
nalezeni. Tento Zisob hledani kiosti podle jejich poéstatka je vyhodrjSi nez vyuziti
search image. Preddtanohou totiz timto zfisobem nalézt&tSi Skalu kaéisti (Heinrich &
Collins 1983). Nicmé# poSkozeni list miZze byt na #iznych stromech Zgobeno iznymi
housenkami. Zatimco nakterych druzich strofn Ziji housenky jedlé, na jinych druzich
stromi jsou housenky jedovaté.igfm¢ také z tohoto @wvodu jsou ®kteri ptaci schopni
rozliSovat mezi druhy stroin(Heinrich & Collins 1983).
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RECOGNITION  OF INCONSPICUOUS PREY:
IMPORTANCE OF ADDITIONAL VISUAL CUES

ZUZANA KARLIKOVA, PETR VESELY AND ROMAN FUCHS

Department of Zoology, University of South BoherBi@niSovska 31(Ceské Budjovice,
Czech Republic

ABSTRACT

Several studies have proposed the use of feattimes than conspicuous colouration in prey
recognition. We tested the ability of wild caughea tits Parus majo)y to discriminate
between equally coloured edible (roaciBlaptica dubig and inedible prey (firebug -
Pyrrhocoris apterup according to other visual traits (shape of legstennae,means of
locomotion). Moreover, the simulation of more naturonditions where the predators may
encounter more prey items at once or in a shod tiras used in three different experimental
types. In the first, both prey types were offeredudtaneously; the bird could see both at the
same time. In the second and third type, the pypgs were presented alternately, starting
with firebug or roach, the bird seeing only oneyptem during each trial. Additionally, the
effect of learning and memory was tested by theaigeial repetition during one session,
and session repetition after one week. Our reshitsved that birds are able to discriminate
between firebugs and roaches. Although this efias not significant in sequential
experiments starting with roaches, in sequentipedrments starting with firebugs the birds
were able to discriminate the roach earlier (duthmgfirst session). These results suggest the
high importance of positive or negative experieimcthe recognition of edible and inedible
prey. In preferential experiments, both prey typese attacked less often than in sequential
experiments. This suggests that unpalatable pr@yiges some protection to the edible prey,
but also that the presence of the edible prey brsame profit to the unpalatable one. The
additional visual features provided by the firebeayrying a roach pattern are obviously
sufficient for discrimination of firebugs from rdaes, but it probably does not act as a
warning signal, and may not even be used in retiognof the red firebug. The importance

of (neo) phobia in avoidance to inconspicuous ibkedprey is discussed.
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INTRODUCTION

Inconspicuous prey recognition

The ability of prey to avoid attack by predator®isital importance. Organisms can use
antipredatory defensive coloration, which eithedtuees the probability of detection (Cott
1957) or reduces the probability of attack aftetedgon (Ruxton et al. 2004). Warning
colours are frequently used in order to warn arsgalirage predators because when such a
visual caution is present in encountered prey tletde probability of an accompanying
behavioural, morphological or chemical defence @@oxet al. 2004). The ways in which
animals advertise their unpalatability have beeistl for decades and have been proved to
be quite complex (e.g. Coppinger 1969, Sillén-Tertpet al. 1982, Alatalo & Mappes 1996,
Hauglund et al. 2006, Higginson & Ruxton 2010).

Although it is profitable to develop warning colbom in order to advertise
unpalatability, there are species that have reapel@efence traits without warning
colouration (Sillen-Tullberg & Hunter 1996, Kralt al. 1999, Endler & Mappes 2004,
Lindstedt et al. 2011). It, therefore, seems ttoolthat being conspicuous can be risky in
some situations. Three potential costs connecteith wiarning coloration have been
suggested. First, that there may be physiologioatscin the production of the conspicuous
signal (Speed & Ruxton 2007). Second, when preyp@mers naive predators individuals
that are more conspicuous may be attacked at &higte (Gittleman et al. 1980, Alatalo &
Mappes 1996). Finally, that predator who has ovarthe prey’s defences will prefer prey
that is easy to find (Endler & Mappes 2004). Howesg@nals other than warning coloration
are usually not sufficiently distinctive and it mot easy to recognize such prey (Sillén-
Tullberg 1985 a, b).

Nontheless, when the prey is protected the aliitgommunicate this to the predator in
some way or other remains essential. In accordemtd@s, prey lacking warning coloration
can also signal information in other, less conspus,) ways for use in prey recognition by
predators. Similar protecting qualities can be aibexd to predators in many ways whether
individually or, in many cases, ‘multimodally’ (R@& Guilford 1999). These features such
as odour (Marples & Ropper 1996, Lindstrom et @01, sound (Rowe 2002, Hauglund
2006), luminance (Prudic et al. 2007), shape (He@ghistein et al. 1993, Kauppinen &
Mappes 2003, Dolenska et al. 2009) or posture (BeBbdriguez-Robles 1997) may deter

predators as much as warning coloration. Neversselome of these signals, such as odour
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and sound, are not sufficient deterrents alone amd usually combined with warning
coloration (Lindstrom et al. 2001, Hauglund 2008hme behavioural abilities such as a
typical warning posture or movements, or elicitagtartle response in the predator can be
other means to demonstrate unprofitability to prexda This behaviour was observed in both
vertebrates (Brodie 1977, Leal & Rodriguez Robl@37) and more commonly invertebrates
(Peckarsky & Penton 1988, Scrimgeour et al. 19%yf@&d 1976, Blest 1957, Schlenoff
1985, Ingalls 1993).

Some animals have relatively unique distinct boayntours so that predators can
recognize the unsuitability of such prey thankstdaspecific shape. We can find examples
among beetles Qoleoptera such as ladybirds Qoccinellidag or some leaf beetles
(Chrysomelidag which have broad and convex elytra and broad giton, and both are
unpalatable and toxic (Hough-Goldstein et al. 199@enska et al. 2009). Predators can be
similarly discouraged by the unique shape of wa@psspula norvegicaKauppinen &
Mappes 2003) or ants (Hymenoptera: Formicidae; dtekst al. 2006, Nelson & Jackson
2009).

Effect of experience, learning and memory on recaion

The effect of previous experience with prey on pinedator’s future foraging behaviour
was proved repeatedly, but different types of graye different influences on a predator’'s
learning and memory. The clear warning featuresadburful unpalatable prey speed up
learning and intensify memory whereas the featofemconspicuous unpalatable prey do
not (Gittleman & Harvey 1980, Roper & Redston 198fere is even the suggestion that a
cryptic appearance in cause prey to forget faSpe¢d 2000). Experiments using the “novel
world” design (see Alatalo and Mappes 1996 for ittare useful for the simulation of
evolutionary novel prey for birds, which are expaded in terms of either ontogeny or
evolution. These experiments with Millerian mimsteowed that the presence of alternative
palatable cryptic prey speed up avoidance learfimgdstrom et al. 2004). Novel world
experiments as well as experiments with naturaly gyeved the positive influence of
alternative edible cryptic prey on the survivalrgdible conspicuous prey (Schuler & Hesse
1985, Lindstrom et al. 1999). However, in prefegnexperiments experience with
unpalatable prey can even provide protection ftatphle prey (Sillén-Tullberg et al. 2000).

In the present study we carried out experimentd$ranting wild caught great titP@rus

major, Linnaeus, 1758, Passeriformes: Paridae) with atgalle red firebugsP{rrhocoris
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apterus,Linnaeus, 1758, Heteroptera: Pyrrhocoridae) anatglale Guyana spotted roaches
(Blaptica dubia,Audient-Serville, 1839, Blattodea: Blaberidae) thakeprived of warning
coloration thanks to paper sticker shields disggithem as roaches. This method has been
proved to reliably alter tested prey and elicit rampiate responses in avian predators
(Vesely and Fuchs 2009). We tested the abilityiofsbto use additional visual features in
prey recognition. Firebugs stood upright and possespicuous black legs and antennae,
whereas roaches were nestled against the groundtlreid legs and antennae were
inconspicuous. To test the effect of experiencéd waiternative prey both prey types were
presented simultaneously or alternately. Prey wasegmted repeatedly, in order to observe
learning and memory.

We set up five null hypotheses to test:

1) Inconspicuous edible prey is protected less themnspicuous inedible prey.

2) Inconspicuous edible prey presented alone iepted less than inconspicuous edible
prey presented together with inconspicuous inegildy.

3) Inconspicuous inedible prey presented alonerdgepted less than inconspicuous
inedible prey presented together with inconspicuexible prey.

4) Inconspicuous edible prey is protected less wiresented repeatedly to the predator
and with time delay.

5) Inconspicuous inedible prey is protected betten presented repeatedly to the

predator and with time delay.

MATERIAL AND METHODS

Predators

Sixty-nine adult wild caught great titBdrus majoj were used as predators. Tits are quite
generalist insectivorous birds easily accustomimgmselves to the laboratory conditions.
This is why they are commonly used in experimenslysng the antipredatory signals of
invertebrates (e.g. Jarvi et al. 1981, Wiklund &vd&1982, Sillén-Tullberg 1985b,
Lindstrom et al. 1999, Exnerova et al. 2007, Svadewal. 2009). The birds were caught
with mist nets at feeding stations situated néaské Budjovice (South Bohemia, Czech
Republic), during the non-breeding period (Septarmbgpril) in 2009 — 2012. The tits were
kept in standard birdcages to habituate them tor&bry conditions for one to three days

prior to the experiments. The light conditions esponded to the outdoor photoperiod and
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the temperature was maintained at a lower level tlsual indoor conditions (10-15°C). The
birds were offered water, sunflower seeds and nwahs (larvae ofTenebrio molitorL.,
1758) ad libitum The tits were ringed and released immediatelgrafie trials were

finished.

Prey

Adult red firebugs Ryrrhocoris apterus and third larval instars of Guyana spotted
roaches Blaptica dubig were used as prey for the experiments. Firebage hed and black
upper parts with black legs and antennae, whidersed by great tits as a warning signal
(Exnerovd et al. 2003). When attacked, firebugsteeaidefensive secretion from
metathoracic glands (Farine et al. 1992) which rdegeeat tits from eating them (Exnerova
et al. 2003). Firebugs collected in September Béarice (West Bohemia, Czech Republic),
were reared on the crushed seeds of the linder{Tiiee cordatg) and were kept in glass jars
at 25°C and a 16:8 hours photoperiod. The roacta¢aused in the experiments are brown-
grey with lighter and darker spots, with slendeéghtli brown legs and antennae. When
endangered, roaches may throw up content of thejpsc(containing partially digested
vegetable matter), yet this species of roach isidened to be palatable. Cockroaches were
kept in a glass terrarium and were reared on wesgrot and beetroot together with dry cat
food.

The appearance of both firebugs and cockroacheschasged in the same way, using
paper stickers placed on their backs (Fig 1 seeeAgiges). This method has already proved
in predator-prey interactions (Vesely & Fuchs 2009)e stickers were made by printing a
photograph of a cockroach body on paper shields. Siitkers covered the whole insect
body when seen from above, but legs and antennee na¢ hidden and the body posture

remained unchanged.

Experimental equipment

The experimental cages were 71 cm wooden cubicefsacovered with wire mesh (2 x 2
mm) with the front wall formed by a one-way mirrdhe cages were equipped with a perch,
a bowl with water, and a rotating circular feediray containing six small cups. Only one of
the cups contained the prey during each indivitial The distance between the perch and
the tray was approximately 25 cm which preventsoilhe: from sensing any chemical stimuli

provided by the prey. The colour of the bottomh# tups was white. Standard illumination
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was obtained by a light source (LUMILUX COMBI 18VOSRAM) simulating the full
daylight spectrum.

Trials

Each individual bird was released into the expenitaecage always at least one hour
before the experiment to accustom itself to the wewditions. Each bird was trained to
attack an offered mealworm in the experimental cag® then it was deprived of food for
1.5 — 2 hours to reinforce its interest in the expental prey. After this time one small
mealworm was offered to verify the bird’s hungdrtHe mealworm was refused, another
twenty minutes of starvation succeeded until threl bie the mealworm immediately after
offering. However, two hours was mostly sufficieatmake the bird hungry enough to to
forage, but not to place it under stress. Birdsevwkvided into three groups (each group with
23 individuals). The first group was offered a livg and a cockroach simultaneously,
together in one cup. This type of experiment cdaadisf a sequence of 14 consecutive three
minute trials with both prey types offered. Birasthe second and third group were offered
only one prey item in each trial. Prey types wefered alternately; in the second group the
experiment started with a firebug and in the thwith a cockroach. In both types, 14
consecutive three minute trials were carried outiafs with a firebug and 7 with a roach. In
addition, to test the effect of memory, every ekpent (in each group) was repeated after a

one week interval.

Data and analyses

The behaviour of birds during the three minutelgriaere recorded using ethological
software (Observer ver. 3, 1989 — 1992, ©Noldusg &alysed two responses, attacking
(touching with the bill) and killing the prey. Attking is understood as showing the effect of
the visual signals on the bird’s behaviour, whillirlg the prey, or not, as being affected
also by the chemical defence ofthee prey. The oeoae of these behavioural elements was
used in the statistical analyses (data of binomhistribution — presence or absence in one
trial). Each trial was used as a repeated measutemth the individual bird as a random
factor. Generalized linear mixed models were use@ualuate the effect of the type of
experiment [greference vs. sequence starting with roachvs. sequence starting with
firebug), prey speciesrgach vs. firebug), set (first weelset Avs. second weeket B and
trial number (1-14 within each set) on the occureeaf both attacking and killing. Software

R 2.14.1 for windows was used to carry out all catapons, generalized linear mixed
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models were formed using commagliner in packagdme4 (Bates et al. 2012). Post hoc
Tukey HSD test were used to evaluate differencéwdsn particular levels of categorical
variables with more than two levels (commanthcposthoc.fnc in  package
LMERConvenienceFunctions Tremblay 2012). As the commagtimer does not provide
the general effect of particular factors on dataalmlity, the p values of post hoc Tukey
HSD tests are presented throughout the results.

RESULTS

Attacking

Firebugs were attacked at a lower rate than roaggves).001) regardless of the type of
experiment and trial number (Fig. 2, 3 and 4 sepefgices). Additionally, the attacking
rate on both firebugs and roaches rose after aveed interval. The difference between the
attack rate of firebugs and roaches was more evideset B (p<0.001) compared to set A
(p=0.064). There was a significant difference betwthe attack rate of firebugs and roaches
in the preference experiment (p<0.001) and in thguence experiment starting with a
firebug (p<0.05), but not in the sequence experirstarting with a roach (p=0.106).

The prey was generally attacked at a lower ratdenpreference experiment than in the
sequence experiment starting with a roach (p<Qa@8)in the sequence experiment starting
with a firebug (p<0.05).

The prey was generally attacked in set B more thaset A (p<<0.001) but this effect
was significant only in case of roaches (p<0.00hjis trend was evident in the sequence
experiment starting with a roach (p<0.01) and mpheference experiment (p<0.01), but not
in the sequence experiment starting with a fire(paf.166). Firebugs were attacked in the
same low rate in both sets and all three typespé@ments.

With each consecutive trial the attacking rate @se<0.001). This trend was evident in

both sets and prey types and all types of expettimen
Killing
Firebugs were killed at a lower rate than roaches<(.001) regardless of the type of

experiment, set and trial number (Fig. 2, 3 andelAppendices).

There was no difference in the killing rate amorilgex type of experiment or set.
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Roaches were killed in all types of experiments entbran firebugs (sequence starting
with roach, p<0.001; sequence starting with firebug0.001; preference, p<0.001) as well
as in both sets (set A, p<<0.001; set B, p<<0.001).

In set B roaches were killed more than in set A<(p801). Whereas this effect is valid
for the preference experiment (p<0.01) and sequemperiment starting with the roach
(p<0.01), in the sequence experiment starting hin firebug this effect was marginal
(p=0.084). Firebugs were killed in the same love iatboth sets (p=0.96) and it was valid in
all types of experiments.

With each consecutive trial the killing rate ropx<0.001). This trend was evident in
both sets and prey types and all types of expetimen

DISCUSSION

Our experiments proved the ability of bird predattw discriminate between palatable
and unpalatable prey on the basis of optical comptnother than warning coloration.
Palatable roaches were attacked and killed at laehitgate than unpalatable firebugs. This
result was more obvious in the case of killing, vehtlhe chemical protection assured tested
birds of the preys’ identity. Nevertheless, even dlecision whether to attack the prey or not
was affected by the presentation of a roach orediig, which suggests that long-distance
signals (additional visual features) are used @ogeition.

Our results are consistent with other papers whetepredators were offered prey both
naturally and artificially lacking warning colorati. Hough-Goldstein et al. (1993) offered
palatable mealworms and unpalatable Colorado pditegties I(eptinotarsa decemlineata
alternately to chicks. Birds attacked and consumgtt beetles in a lower rate than beetles
without elytra, but these were consumed in a loraex than mealworms (Hough-Goldstein
et al. 1993). Similarly, unmodified ladybir€€¢ccinella septempunctgtéogether with the
artificial form, with elytra painted brown or witho elytra, were offered to great tits in
experiment of Dolenska et al. (2009). Birds attackeact ladybirds the least, ladybirds with
brown painted elytra at a higher rate and the sspeeies without elytra was attacked most
frequently. There are also similar results in expents with predators other than birds.
Dragonflies were able to recognize an unprofitapley thanks to its typical shape
(Kauppinen & Mappes 2003). Dragonfliedeshna grandjs were presented with flies
(Sargophagidae) and wasp&eépula norwegigaas prey. Beside the most aversive cue, the

typical black-and-yellow stripes of wasps, the tgbiwasp shape acted as an aversive
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stimulus almost as well. Similar results were atediin a study comparing the responses of
mantises to ants and their spider mimics (Nelsal. 2006).

Firebugs in our experiment were always protectetiebeéhan roaches except in the
sequence experiments starting with roaches. Thihtmindicate that a bird encountering a
firebug for the first time compares the cockroanhthe second trial with the previously
encountered similar inedible prey possessing blags and antennae. This comparison
reassures the bird that the firebug is differentfrthe cockroach and it shows a different
pattern of reactions to both prey types. On thetraoy, the positive experience with the
novel palatable roach in the first trial can weakbée defence of the firebug offered
subsequently, as similarly showed in a study ofel{fe€ Fuchs (2009) where the firebugs
carrying sticker with a roach pattern (equal asun study) were attacked significantly more
frequently by birds with previous positive expederwith the roach.. Several studies (Roper
& Redston 1987, Roper 1990, Speed 2000, Stille I&rsiTullberg 2000) have shown that
experience with a positive stimulus can encouragigslo attack conspicuous prey more
readily than in the case of birds with no previaxgperience. This was mirrored by, a
negative experience evoking avoidance learning,l&arning being more effective when the
prey was conspicuous. If we consider the legs amnénaae of a firebug as a conspicuous
signal, these results are consistent with ours.

In our preference experiments, both prey typesgmtes! together were attacked less often
than in sequence experiments. This suggests thiatobohem gained some extra protection,
probably due to the presence of the other preliersame cup. The results of the study with
mealworms and inedible moth larvae (Schuler & HA€&5) suggest that the inconspicuous
prey weakened the protection of the conspicuouy, prlich contradicts our results. The
explanation may reside in the use of naive chiskpradators in study of Schuler & Hesse,
unfamiliar with the larvae of the moth, so its getllg conspicuous protection did not suffice
when presented together with an edible prey. Siiyileo our results, “novel world”
experiments with alternative prey indicate that phesence of inconspicuous palatable prey
together with conspicuous unpalatable prey coulteoe predator avoidance learning of
this conspicuous unpalatable prey (Lindstrom eR@04). On the other hand, experiments
with variously protected true bug species (Sillanderg 2000) showed that some
protection is gained by the unprotected prey iEpreed together with the protected one. Our

results confirm the existence of both these priesijat the same time.
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After one week, roaches were attacked more often, flblebugs were attacked at
approximately the same low rate as in the first Bleé same results were valid in the case of
killing. Only in the sequence experiments startivith a firebug were the roaches attacked
and killed at the same rate in both experimental §&is may probably have been caused by
a higher speed of learning during the first setmbieds encounter a firebug as the first prey.
Their discriminatory ability was, therefore, alrgadell developed by the end of the first set
and the rest of the birds which did not attackrtyech in the first set did not usually attack it
in the second set as well. The causes of bettedavece learning in the sequence experiment
starting with a firebug have already been menticadzal/e.

A learning process was observed in connection &zhes only. The number of birds
which were able to detect a roach as a suitablenpse significantly during the experiment.
Nevertheless, the number of attacked firebugs gaswwell, which suggests that the
additional visual features used for discriminatlmetween the firebug and the roach cannot
be considered as warning signals. Moreover, we atalp@ sure that these traits are used in
predator recognition of the red firebugs. Red figb deprived of their warning colouration
by being painted with water colours (Exnerova eR80D3) were commonly attacked, despite
their legs and antennae remaining unchanged anarexgp This is in contrast to the very
low attack rate on firebugs carrying paper sticksith a roach pattern (Vesely & Fuchs
2009). In our study firebugs in several first sialere attacked at a comparable rate to thse
in the study of Vesely & Fuchs (2009); nevertheléiss proportion of birds attacking them
rose gradually throughout both sessions and alltrisds (regardless of the type of
experiment). At the end of the second sessionptbportion of birds attacking the firebug
was comparable to those in the study of Exneroal. é2003). We may therefore consider
that birds refusing to attack firebugs carryinglkooach patterns (Vesely & Fuchs 2009) as
being detered by something other than the preseinte firebugs’ legs and antennae. One
possibility is a fear of the paper, which seem&sd for a long time and five repetitions (in
study Vesely & Fuchs 2009) could not remove thislpé, while during 28 repetitions in our
study this fear was eliminated.

A similar phobia may be observed in trials withal@s. The proportion of birds attacking
at least one of five offered roaches (carrying rtb@ch pattern) in study Vesely & Fuchs
(2009) was much higher when compared to our exmerimWe observed that in the
sequence experiments starting with a roach (corbjeata design in Vesely & Fuchs 2009)
only half of birds attacked the first roach. It ntzgy caused partly by neophobia (see Marples
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& Kelly 1999 for details) because our birds had experience with roaches from their
natural environment. This is consistent with theutes of Vesely & Fuchs (2009), but in this
study the number of attacking birds rose considgralbsubsequent trials because the initial
neophobia was deactivated. Marples & Kelly (1998)veed neophobia to be a short-term
event, and five five-minute lasting repetitions $itudy of Vesely and Fuchs) were suitable
for removing this neophobia. In our experiment deactivation of neophobia was stopped
because a roach was presented alternately withrehufy. The firebug’s identity, and

palatability, then presented a puzzle to the bagimentioned above.
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APPENDICES

Figure 1 — Guyana spotted roach (Blaptica dubia - left) and red firebug (Pyrrhocoris apterus - right) carrying the paper
sticker with the pattern derived from the photo of the Guyana spotted roach. Scale line is 10 mm.
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Figure 2 — Number of birds killing (upper part) and attacking (lower part) offered prey in the first (left part) and second

(right part) set in experiments offering single prey item (type sequence) starting with roach. Circles refer to roaches
squares to firebugs. Total number of birds is 23.
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Figure 3 — Number of birds killing (upper part) and attacking (lower part) offered prey in the first (left part) and second

(right part) set in experiments offering single prey item (type sequence) starting with firebug. Circles refer to roaches
squares to firebugs. Total number of birds is 23.
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Figure 4 — Number of birds killing (upper part) and attacking (lower part) offered prey in the first (left part) and second

(right part) set in experiments offering both prey items (type preference). Circles refer to roaches squares to firebugs.
Total number of birds is 23.
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