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SOUHRN

Mechanismus chovani vztahu predator-kofist je velmi dilezitym prvkem v life-history
daného druhu. Vzorec chovani v konkrétni situaci ma zasadni vliv na fitness kofisti, stejné tak
jako pro fitness predatora. Pokusy s antipredaénim chovanim byly provadény v mnoha
empirickych pracich a na mnoha taxonech, napi. ropucha americka (Bufo americanus) nebo
rosnicka zelena (Hyla arborea).

Antipredac¢ni a potravni chovani ¢olkti obecnych (Lissotriton vulgaris) bylo studovano
Vv laboratornich podminkach, pro pokusy s predatory bylo pouzito 30 kust ¢olki obecnych,
odchycenych v lokalité Podébrady a 9 kusti okountl fiénich (Perca fluviatilis) z MO Ceského
rybaiského svazu, Lostice. Antipredacni a potravni chovani bylo shrnuto do ¢tyi kategorii a
nékteré typy byly vyhodnoceny jako signifikantni, s ohledem rozd€leni na pohlavi a pocet
predatorti, jimz byli ¢olci vystaveni.

Prace je dale zamétena na morfologickou plasticitu ve velikosti ploutvi a celého téla
u pulci skokana hnédého (Rana temporaria), ktefi byli po dobu inkubace vystaveni
kairomoniim i fyzické ptitomnosti predatora (okouna) po konkrétni dobu v laboratornich
podminkach. U ¢erstvé vylihlych pulct bylo signifikantné pozorovano prodlouzeni dorsalnich
i abdominalnich ploutvi a i celkova délka téla. Z téchto vysledki lze vyvodit adaptivni efekt

predatora na kofist.

Klic¢ova slova: ¢olek obecny, okoun, adaptivni, lihnuti, predator-koftist
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SUMMARY

The mechanisms of behavioural predator-prey relationship is a very important element
in life-history of specific species. Pattern of behaviour in particular situation has a major
influence on prey’s fitness, as well as on the predator’s. Tests concerning antipredator
behaviour were conducted in many studies and in many taxas, such as American toad (Bufo

americanus) or Tree frog (Hyla arborea).

Antipredator and feeding behaviour of Smooth newt (Lissotriton vulgaris) was studied
in laboratory conditions- 30 specimens of newts were used for experiments with the predators,
caught in area Podébrady and 9 specimens of perches (Perca fluviatilis) obtained from
Fishing Association in Lostice. Antipredator and feeding behaviour were summarized into
four categories and assessed as significant, with regard to gender distribution and number of

predators to which the newts were exposed.

This work is, furthermore, focused on a morphological plasticity in size of fins and
whole body of tadpoles of Common frog (Rana temporaria), which specimens were exposed
to predator (perch) itself and its kairomons for a certain amount of time in laboratory
conditions. In tadpoles increase of dorsal and abdominal and total lenght was observed.

Adaptive efects of prey to predator can, thefore, be drawn from these results.

Key words: Smooth newt, perch, adaptive, hatching, predator-predator
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1. UVvOoD

1.1. Evoluce adaptaci

1.1.1. Behavioralni plasticita

Obojzivelnici za svého Zivota prochazi nékolika fazemi (napf. metamorféza nebo
rozmnozovani). Prechazeni zjedné zivotni faze do druhé predstavuje trade-off mezi
mortalitou a rychlosti rastu (Moore et al. 1996). Mezi nejcastéjsi pfiiny umrtnosti patii
predace a reakce na tohle riziko patii mezi dilezité adaptace v prostiedi (Werner a Gilliam
1984; Werner 1986). Samice toto riziko mohou ovlivnit jiz pfi vybéru mista pro kladeni vajec.
Rozhodnutim samice kde a kdy naklast vejce vyrazné ovliviiuje jak fitness potomkd, tak i
svou vlastni. Teplota béhem kladeni je pro samice dilezité¢jSim faktorem nez riziko predace
(Kurdikova et al. 2011). Obojzivelnici obecné jsou schopni vyhodnotit bezpe¢nost daného
stanovisté, pokud se vnadrzi vyskytuje veétsi mnozstvi predatorti, druhova pestrost
obojzivelnikt je niz§i nez v nadrzich, kde se predatofi vyskytuji malo nebo viibec. Ne vSak u
vSech druhlt dochazi k této situaci. U taxont S vétsi velikosti téla nebo vétsi sniiskou vajec
bylo souziti s predatory Castéj$i nez u druhtt mensich (Hecnar a M Closkey 1997). Také jiz
nakladena sntiSka mliZze reagovat na ptitomnost predatora. Embrya ve vejcich jsou schopna
detekovat at’ uz pach predatora nebo i chemické signaly vydavané posSkozenymi vejci svého
druhu (Mandrillon a Saglio 2007). U ¢erstvé metamorfovanych ropuch (Bufo americanus)
dochazi ke stereotypnimu vzorci chovani za piitomnosti predatora, projevujici se kréenim a
utlumenim pohybu. Toto chovéani vede k mensi Sanci na uloveni nez u vzptimeného postoje
(Heinen 1994). Reakce jsou spole¢né populacim a druhiim, které maji zkusenost s vysokou
variabilitou predacniho tlaku v prubéhu let (Chivers et al. 2001a). Vyzkumy také ukazuji na
vyhybani se pfirozenym predatoriim, oproti nezndmym, se kterymi se kotist neméla moznost

nikdy setkat (Murray et al. 2004).

1.1.2. Fenotypova plasticita

Variace organickych forem v pfirod¢ ma rizné zdroje-genetické a environmentalni
(Gotthard a Nylin 1995). Dlouhou dobu je znamo, Ze genotypy vyjadiuji rGzné fenotypy
Vv zavislosti na prostfedi a tato schopnost je dédicna (Woltereck 1909). Plasticita jako
vlastnost se projevuje jako specificka pro konkrétni znak, zvlasté ve vztahu Kk uré¢itym vlivim
okolniho prostiedi ¢i za kontroly genti a mtize byt vyrazné¢ zménéna selekci (Bradshaw 1965).

V posledni dobé vzrostl zdjem o fenotypovou plasticitu v evoluéni biologii a genetice,



zejména v morfologii a life-history (Gotthard a Nylin 1995). Fenotypova plasticita mize byt
definovana jako ,,soubor fenotypil, vyjadienych genotypem napiic podminkam prostiedi, kde
se organismus nachazi“ (Stearns et al. 1991). Mira adaptivnosti je spiSe vedlejSim produktem
selekce v ramci rozdilnych vlastnosti prostiedi, nez vysledek vybéru pro plasticitu samotnou
(Via 1993). Evolu¢ni plasticita musi spliovat nékteré podminky: prostiedi musi byt
heterogenni a genotyp organismu se musi setkat s vice nez jednou takovou podminkou,
vyhodu plasticity nesmi ptevazovat jakékoliv naklady na ni, genetickd variabilita musi
v populaci existovat (Bradshaw 1965; Levins 1968).

Obojzivelnici  vykazuji nejvétSi plasticitu v larvalnim obdobi. Nejdilezitéjsi
podminkou pro larvy je pravdépodobné ptitomnost vody (Newman 1992). U nékterych druhti
bylo prokazano, Ze jsou schopni urychlit sviij vyvoj ve vysusujicim se stanovisti. Toto fizeni
ma na svédomi endokrinni systém, konkrétné¢ hormon kortikotropin (Denver 1997). Nicméné
rychly, geneticky zakddovany vyvoj nema vliv na vys$si fitnes, jestlize je vodni stanovisté
proménlivé, protoze dalsi zvétsSeni téla v trvajicim vodnim prostiedi miize byt ztratové. VeEtsi
velikost téla pfi metamorfoze miZze zvysit pozd€jsi fitness zlepSenim Sance na piezZiti
1990; Martof 1965; Semlitsch et al. 1988). Nedostatek vody vSak neni jedingym faktorem
adaptaci, patfi sem i predace nebo dostupnost potravy. Pifi nedostatku potravy dochazi
k pomalejSimu rastu a mensi velikosti té€la pfi metamorfdéze, nez u pulct ziskanych
z podminek s bohatou potravni nabidkou (Wilbur 1980). V ptipadé kontaktu larvy

vvvvvv

Fauth 1990) nebo ke zvétSeni hlavy a tmavsimu zbarveni ploutevniho lemu u larev Colka

(Buskirk a Shmitd 1999).

1.2. Predace obojzivelnikl

Mnoho obojzivelnikl se stava obéti predace diky své zranitelnosti, malé velikosti,
pomalému pohybu a relativni bezbrannosti viéi vét§im zivoéichim (Wells 2007). Protoze
obojzivelnici jsou efektivni v pfetvafeni energie u poZité potravy na biomasu, dosahuji
vysokych populacnich denzit a poskytuji tak dobry zdroj proteini pro zivocichy vyssich
trofickych urovni (Burton a Likens 1975; Pough 1980). Stejné jako absence nestravitelného

materialu jako chlupt, peti nebo chitinu déla z obojzivelnikl kvalitni zdroj potravy. Predatofi
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jsou dileziti z hlediska evoluce adaptace jejich kofisti: vytvafeni toxind, aposematického a
kryptického zbarveni, nechutné pokozky atd. (Wells 2007).

1.2.1. Bezobratli predatofi

U vajec obojzivelniki dochazi Casto k predaci larvami chrostikii (Trichoptera), které
ptredstavuji nejrozsitenéjsi predatory (Winterbourn 1971). Dal$im vyznamnym rizikem jsou
pijavice (Macrobdella) (Howard 1978), plosténky (Kwet 1996) nebo pavouci (Pisauridae)
(Sih et al. 1998).

Pro larvy ocasatych a pulce zab jsou rizikem piedevs§im larvy chrostikt (Trichoptera),
které vyckavaji na Cerstvé vylihlé jedince nebo jsou schopny je ulovit pfi plavani (Rowe et al.
1994), dale blesivei (Gamarus sp.) (Warkentin 1995), larvy vazek (Aeschna, Corduliidae,
Libellulidae), vodni plostice (Nepidae, Belotomatidae) a vodni brouci ¢eledi Dytiscidae a
Hydrophilidae (Wager 1986; Herreid a Kinney 1966; Szelistowski 1985; Hews 1988;
Henrikson 1990; Richards a Bull 1990).

Predatofi juvenilti a dospélcti nejsou tak znami jako u vajec nebo larev. Castymi jsou
velei vodni brouci, ktefi jsou schopni zahubit 4-8 % dospélych Zab v mensich populacich
(Merilad a Sterner 2002) nebo ¢eled’ Carabidae (Hirai a Hidaka 2002). Z netypictéjsich to jsou
pavouci, stonozky nebo krabi (Neil 1948; Kuzmin 1999; Stewart a Woolbright 1996).

1.2.2. Obratlov¢i predatofi

Ryby jsou Castymi predatory v permanentnich vodach i rybnicich, stejn¢ jako fekach
nebo vétSich potocich. Mohou byt nenasytnymi predatory vajec, larev, u vétSich ryb i
dospélct. Nékteré piiklady: koljuska (Gasteosterus), Stika (Esox), karas (Carassius), pstruh
(Salmo), sluneé¢nice (Lepomis) nebo okoun (Perca) (Macan 2008; Voris a Bacon 1966; Glandt
1983; Kiesecker et al. 1996; Hartel et al. 2007), jsou znamy i piipady predace neptivodnimi
druhy, a to sumecky americkymi (Ameiurus nebulosus) (Fischer 2012, osobni sdéleni). Neni
znam druh ryby, ktery by se pfimo specializoval na lov vajec, larev nebo dospélct
obojzivelnikt (Jordan a Arrington 2001).

Z hadl jsou predatory zejména uzovky (Natrix natrix, N. tesselata, Thamnophis
elegans) (Reading a Davies 1996; Rossman et al. 1996; Kuzmin 1999a) nebo zmije (Vipera
berus, V. aspis, V. ursinii) (Saint Girons 1980; Kuzmin 1999b).

Priblizn¢ sto druhtt ptakd jsou predatory obojzivelniki. V Evropé byla
zdokumentovana predace u zhruba 90 druht ptakl, kteti konzumovali vejce, larvy nebo

dospélce (Kabisch a Belter 1968; Martin a Lopez 1990). Mezi né patii napiiklad: kormoran
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velky (Nycticorax nycticorax), labut’ velka (Cygnus olor) nebo kachna obecna (Anas
platyrhynchos) (Vasvari 1935/38; Martin a Lopéz 1990). Z dravct pak orel (Aquila) (Vili
2012). Pévce zastupuje napt. krkavec velky (Corvus corone) (Smith 1969).

Savci nezahrnuji takovy pocet druhti predatort jako ptaci, ale jsou mezi nimi druhy,
které se na populace obojzivelniki vice zamétuji (Wells 2007). Mezi né patii norek evropsky
(Mustela putorius), ten je nejvétsim konzumentem obojzivelnikd mezi savci, i kdyZ se na né
nijak nespecializuje (Jedrzejewski et al. 1989), introdukovany norek americky (Mustela vison)
v dob¢ nedostatku potravy preferuje zaby v priabéhu jarniho rozmnozovani. DalSimi druhy
jsou jezevec lesni (Meles meles), vydra (Lutra canadiensis), potkan obecny (Rattus
norvegicus) nebo rejsec vodni (Neomys fodiens), ktery lovi Zzaby béhem jejich zimni hibernace
(Gerell 1968; Wotk 1976; Melquist a Horncocker 1983; Kruuk 1989).

Rovnéz jsou znamy piipady kanibalismu (Degani et al. 1980; Banks a Beebee 1988).

1.3. Kairomony a jejich role

V ekosystémech probiha urcity stupen koordinace zaloZzeny na vyméné chemickych

latek (Weissburg et al. 2002). Sdéleni tohoto typu (Regnier 1971) vyzaduje specifické
sekreéni mechanismy u druhd, které produkuji chemické latky, a zmény ve fyziologii,
metabolismu nebo chovani u jedinci po obdrzeni informace (Apfelbach et al. 2005).
Mezidruhova komunikace probiha prostfednictvim chemickych signdlti (allomont). Tato
komunikace je roz$ifena mezi prokaryoty, rostlinami i zivo¢ichy. Chemické signaly se déli na
a) allomony, jez ptisobi mezidruhové, napt. pfi boji o zdroj (Sharbati a Osculati 2006),
b) feromony, které pusobi na jedince stejného druhu (napi. sdruzovani nebo pohlavni
chovani), ¢) synomony (funguji mezidruhové, napi. jako repelenty nebo atraktanty (Mattiacci
et al. 1994)) a d) kairomony, pusobici na jedince rozdilnych druhti (Dicke a Sabelis 1988;
Sharbati a Osculati 2006). Termin ,kairomony* se pouziva pro interakci mezi predatorem a
kofisti nebo parazitem a hostitelem (Nordlund et al. 1981). Kairomony zpisobuji adaptivni
zmény u piijimajiciho jedince, ne v§ak u producenta (Dikce a Sabelis 1988), napf. u rostlin je
to typické pii piekovavani stresu (poskozeni vétvi a vysychani) (Picket et al. 2003). U hmyzu
a ostatnich bezobratlych casto dochdzi ke zménam morfologie jako odpovéd’ na chemické
podnéty, napt. u hrotnatky (Daphnia pulex) se vyviji vyriastky, které ztézuji predatorovi kofist
poziit (Tollrian 1993).
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Chemické latky tékavé povahy jsou detekovany chemosensorickymi buiikami na
povrchu téla nebo volnymi nervovymi zakoncenimi (Finger 1997). Tyto buriky jsou schopny
detekovat Siroky rozsah slouCenin a zprostiedkovat tak centrdlni nebo periferni reflexy
(Sharbati a Osculati 2006). Kairomony obratlovct jsou steroidni latky, které maji terpenickou
povahu (Singer 1991). Jsou rozpustné ve vodé a maji nizkou molekulovou hmotnost okolo
500 Da, jsou stabilni pii extrémnich teplotach a v Sirokém rozsahu pH. Nejsou rozlozitelné
proteinasami a pfi teplot¢ 37° C v nesterilnich podminkach vymizi do 24 hodin. UdrZeni
aktivity ve sterilnich podminkach potvrzuje rychlou mikrobialni degradaci (Loose et al.
1993). V praci Ringelberga a Goola se uvadi, ze kairomony mohou do jisté miry vytvaret i

bakterie asociované s rybami (Ringelberg a Gool 1998).

1.4. Mechanismy antipredacniho chovani u obojzivelniki

Zpusob, jakym jsou jedinci ptizptisobeni predaci zavisi 1 na jejich populacni hustot¢.
Zvitata, kterd unikaji pozornosti svych predatorti, jsou piinucena zdrzovat se na mistech
reprodukce ¢i potravy pouze po omezenou dobu, napf. hledani potravy v noci (Heinrich 1979)
nebo pii mensi hustoté predatort (Hobson 1974). Predace je dulezita pri¢ina evoluéni zmény
(Vermeij 1978; Dawkins a Krebs 1979). Jestlize dojde k selhani téchto opatteni, disledkem je
predace, ktera pokud je selektivni, zvysi nebo zlepsi antipredacni mechanismy koftisti. Druhy,
které jsou vystaveny vySSimu poctu neuspéSnych predaci, se vyvijeji rychleji nez druhy, které
jsou pro predatory snadna kofist nebo ziji v prostifedi chudém na toto riziko (Vermeij 1982).
Vztah predator-kofist je proto velmi u¢inny v rychlosti adaptace, protoze v piipadé netspéchu
predator ztraci pouze potravu, avSak netspé$na kofist dopada fataln¢ (Griffiths 1981).
Zivoc&ichové maji k dispozici mnoho moznosti jak se vyhnout riziku predaci. Ne vsechny
zpusoby jsou ale vhodné pro konkrétni fazi setkdni s preddtorem nebo nejsou Ucinné. Aby
kotist mohla adekvatné vyhodnotit aktudlni stav, je zapotiebi, aby se rozliSovaly tfi faze ve
vztahu predator-kofist: 1) objeveni nebo rozpoznadni predatora; 2) pronasledovani nebo uték;
3) podrobeni se nebo odpor. Pii pfibliZzeni predatora ke kofisti, Se mizZe predator rozhodnou,
jestli kotist ulovi nebo ne. Kofist miZze uniknout, ale pokud je chycena, stidle mize byt
predatorem odmitnuta (Holling 1966; Griffiths 1980). Uginnost predace je ekvivalentni

k neti¢innosti antipreda¢niho chovani (Vermeij 1982).
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U obojzivelnikt pti detekei rizika predace dochazi ke zménam chovéni: samice pti
hledani mista pro kladeni snisky preferuje nadrze bez predatort (Chivers et al. 2001b),
samice Colkt bali vejce jednotlivé do listii vodni vegetace (Oriazola a Brana 2003). Jelikoz
fitness potomstva ur¢uje nejenom riziko predace, ale i rychlost ristu a vyvoje, samice by mely
volit misto k nakladeni nejenom podle rizika predace, ale podle poméru mezi rizikem predace
a rychlosti rustu (Binckley a Resetarits 2008). Pfi rodi¢ovské péci o sntisku je mozné aktivni
branéni, kdy napf. samice brani sntisku proti brouktim nebo hadim (Forester 1979).

Larvy obojzivelniki reaguji na ptfitomnost dravce zvétSenim ploutevniho lemu, ktery
zvySuje manévrovatelnost a snizuje riziko uloveni. Recentni vyzkumy poukazaly na moznost
embryi ovlivnit Cas lihnuti v pfitomnosti predatora. Napi. embrya skokana lesniho (Rana
sylvatica) a axolotla skvrnitého (Ambystoma maculatum) reguluji ¢as lihnuti a synchronizaci
lihnuti v pfitomnosti predatora. DalSi studie ukézaly, Ze reakce embryi obojzivelnika
k predatorim se lisi jak vnitro, tak i mezidruhov¢, ackoliv adaptivni vyznam takové zmény
neni dosud jasny (Anderson a Petranka 2003).

Dalsi zmény v chovani se tykaji sniZeni konzumace potravy a trdveni vice Casu
hledanim ukrytu (Oriazola a Brafia 2003; Watson et al. 2004), stejné tak se déje i u hmyzu
(Strobbe et al. 2001). Jiné chovani se tyka postaveni téla, napf. u mlo¢ika kostarického
(Bolitoglossa subpalmata), jedinec pii kontaktu s predatorem zaujima vystrazné drzeni téla,
kdy staci ocas nad télo (Dodd a Brodie 1976; Ducey a Brodie 1983). Obdobné je tomu u
kun¢k (Bombina), kdy se v nebezpeci obraci na zada a typickym zptsobem demonstruji své
vystrazné zbarveni (Hinsche 1926). U larev Colki je prokazana schopnost uceni se
piitomnosti predatora (Oriazola a Brafia 2003).

V poslednich letech se ukazuje, Ze vliv personality neni dalezity jen u lidi, ale
vyskytuje se i u zvitat. Osobnost Zivo¢icha mize mit adaptivni vysvétleni: kompromis mezi
soucasnymi a budoucimi reproduk¢énimi Gspéchy mohou mit ¢asto rlizny charakter. Nékteti
jedinci kladou vétsi diraz na budouci fitness svych potomkl nez jini. Tyto rozdily
v o¢ekavané fitness mohou zpusobit odlisné chovani v riziku predace. Jedinci s vétSim
budoucim ocekavanim (S moznosti vysoké ztraty), by se méli chovat agresivngji vuci

predatorovi nez u jedinct, ktefi od budouci fitness neoc¢ekavaji mnoho (Wolf et al. 2007).
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1.5. Cile prace

Hlavnim cilem prace bylo zjistit antipreda¢ni behavioralni reakci colka obecného na
ptitomnost predatora. Jak se od sebe liSi reakce ve vizudlnim a olfaktorickém kontaktu ve
vztahu predator/ kofist, jaky je trend v konzumaci kofisti a zda se tato reakce liSi u
jednotlivych pohlavi. Pokud ano budou jedinci reagovat na nejspiSe pritomné kairomony
predatora a pritomnost predatora v kontaktu povede ke vétsi konzumaci piedlozené potravy u
samcl nez u samic. K testu této predikce bylo zapotiebi: 1. Detekce behaviordlni reakce na
predatora. 2. Testovani rozdilu ve vizudlnim a olfaktorickém kontaktu. 3. Testovani poctu
zkonzumované¢ kofisti v pfitomnosti predatora.

Dal§sim cilem bylo zjisténi miry plasticity morfologie pulcii skokani hnédych
vystavenych predatortim a jejich kairomoniim. Zda kontakt S predatorem povede ke zméndm
v morfologii pulce, bylo potieba: 1. Testovani zmén morfologie za pfitomnosti predatora. 2.
Testovani zmén morfologie za pfitomnosti kairomonii téhoZz predatora. 3. Zméfeni miry

zmény morfologie.

2. MATERIAL A METODY

Material a metodika je podrobnéji zpracovana v manuskriptu ,,Behavior and morfological
plasticity as antipredator mechanism in Smooth newt and Common frog®, ktery je zaslan do

casopisu Folia Zoologica, viz. Ptiloha.

2.1. Studované druhy a jejich chov

Pro experimentalni ucely byli v dubnu az kvétnu roku 2012 odloveni ¢olci obecni
(Lissoriton vulgaris) (Obr. 2.1.), samci i samice, z lokality Podébrady u Olomouce. Skupina
colkii byla umisténa do nadrzi naplnénych studniéni vodou. Kazdd nadrz byla vybavena
vodnimi rostlinami a kusem polystyrenu. NadrZe byly umistény ve sklepni mistnosti, ktera se
vyznacovala identickou fizenou fotoperiodou a podobnymi teplotami jako v pfirodeé.

Okouni (Perca fluviatilis) byli ziskani z faremniho chovu ryb. Skupina okounti byla

umisténa po Ctyfech a péti kusech do dvou akvarii.
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Vejce skokanii hnédych (Rana temporaria) (Obr. 2.2.) byla ziskana z lokality
Pod¢brady u Olomouce. Jednotlivé sniisky byly umistény v plastovych nadrzich.

Hrotnatky (Daphnia pulex) byly také odchyceny v lokalité Podébrady u Olomouce.

E“? S /l -;“'y' S P ——

Obr. 2.2. Dospélec skokana hnédého (Rana temporaria). Autor J. Richtr

2.2. Detekce behavioralni reakce na predatora

2.2.1. Vizualni kontakt

2.2.2. Olfaktoricko-vizualni kontakt

2.3. Mé&feni miry plasticity morfologie pulcii
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2.4. Statisticka analyza

Data byla analyzovéana s pouzitim riznych modelii, podle typu dat a ndvrhu konkrétniho
experimentu. V ptipad¢ antipredacnich reakci ¢olkd byl pouzit zobecnény linedrni model s
binomickym a Poissonovym chybovym rozdélenim. Priikaznost jednotlivych faktord byla
vyhodnocena pomoci analyzy deviance. V piipad¢ ,,overdisperze® byl pouzit model ,,piiblizné
pravdépodobnosti® (quasi-likelihood).

Analyza morfologické plasticity pulcti byla provedena pomoci analyzy kovariance, data
velikosti byla transformovana pomoci logaritmu.

Jako hladina statistické vyznamnosti byla u vSech testii zvolena a = 0,05. Hodnoty jsou
uvadény jako primér + SE. Statistické analyzy byly realizovany v R (R Development Core
Team 2009).
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3. STEZEJNI VYSLEDKY

Vysledky jsou podrobnéji zpracovany v manuskriptu ,,Behavior and morfological plasticity as
antipredator mechanism in Smooth newt and Common frog*“, ktery byl zaslan do casopisu

Folia Zoologica, viz. Ptilohy.

Colci reagovali na riziko predace odlisng, neZ v kontrolnim pozorovani bez predatori.
Faze chovani ve vizualnim kontaktu, jako je vyckavani v ukrytu, ostrazity pohyb a normalni
pohyb u vizualniho kontaktu vysel jako neprikazny. V olfaktoricko-vizualnim kontaktu byla
prokazatelné vyS$i podobnost chovani vzhledem ke kontrole. Pfitomnost predatorti ovlivnilo
chovani ve fazi ostrazitosti. Se vzristajicim pocétem predatord se u samcl i samic
prodluzovala doba jednotlivych reakci nebo nedochazelo k reakci Zddné a jedinci zlstavali po
celou dobu skryti v ukrytu. Rozdé¢leni s ohledem na pohlavi mélo vliv na vyssi pohybovou i
loveckou aktivitu u samct, ktefi byli aktivnéjSi neZ samice. Konzumace potravy byla mensi
v olfaktoricko-vizualnim kontaktu. Konzumace byla u samic prokazatelné nizsi se zvysujicim
se poctem predatorti nez u samcii, u kterych k této situaci dochazelo v mensi mifte.

U pulct skokana bylo signifikantné pozorovano diivéjsi lihnuti a prodlouzeni

dorsalnich ploutvi a abdominalnich ploutvi a i celkova délka téla pulce.

4. DISKUZE

Vzhledem Kk tomu, Ze obojzivelnici béhem svého Zivota prochazeji riznymi zivotnimi
fazemi, trade-off mezi témito fazemi piedstavuje dilezity prvek mezi rychlosti rlstu a
mortalitou (Moore et al. 1996). Mezi nejdulezitéjsi reakce v prostiedi patii reakce na riziko
predace (Werner a Gilliam 1984; Werner 1986). Schopnost obojzivelniki detekovat mozné
riziko a pfitomnost predace urychluje plasticitu v chovani a moznost piedvidani své budouci
fitness i fitness potomkt (Marshall a Uller 2007). Tyto behavioralni adaptace jsou spole¢né
druhtim a populacim, které se jiz v pribéhu let setkali s predacni variabilitou a jsou tudiz na
toto riziko do jisté miry pfipravené (Chivers et al. 2001b).

Nase vysledky ukézaly, Ze behavioralni reakce ¢olka na predatora se ne vzdy shoduji

s chovanim bez predace (v kontrole). V prostiedi, kde se pravdépodobné vyskytovaly
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kairomony, se nékteré typy chovani projevily jako ustalené, jiné v experimentech nebyly
zaznamenany. Diavodu pro tuto neshodu je pravdépodobné vice- dosud neznamé interakce
mezi predatorem a kofisti, vice nejednotnych podnétii zptisobenych kairomony nebo zatéz
colkii zptisobend manipulaci pii pokusech.

V experimentech, kde dochazelo ke kontaktu colka a okounti se doba reakce
prodluzovala s rostoucim poctem okound, kone¢na faze chovani (lov; viz. Metodika)
neprobéhla u néckterych jedinci viibec nebo piesahovala kontrolou stanovenou dobu
experimentu. U samic byly tyto pomalejsi reakce Castéj$i nez u samcti. Vyhledavani potravy
bylo rozdilné u pohlavi, avSak jedince neodradilo od konzumace riziko predace, i kdyz se tato
faze chovani prodlouzila. Konzumace byla v olfaktoricko vizualnim kontaktu mensi, toto je
pravdépodobné vysledkem pouziti vizualni orientace zejména pii ziskavani kofisti, zatimco
pti detekci predatora hraje vyznamnéjsi roli ¢ich spolu se zrakem. Samci konzumovali vice
potravy nez samice, avSak pocet zkonzumované potravy mél snizujici se tendenci u obou
pohlavi se vzrastajicim poctem piitomnych predatorti. Divodem pro tento vysledek je, ze
samci jsou v dobé rozmnoZovani vice aktivni nez samice a vystavuji se vétSimu riziku
predace, tudiz mohou byt odoInéjsi vii¢i pisobenim predatort (Rajchard 2006).

Mezidruhova komunikace probihd prostfednictvim chemickych signala (Sharbati a
Osculati 2006) a moznost reagovat na pritomnost predace zménou morfologiec nebo funkce
piedstavuje pro obojzivelniky ur¢itou evolu¢ni vyhodu (Ducey a Brodie 1983; Brodie 1977).
Kairomony zptisobuji adaptivni zmény u piijemce, v naSem piipad embrya zaby, ne vSak u
producenta (Dicke a Sabelis 1988). Vejce jsou nakladena ve fazi raného embryonalniho
vyvoje (tj. prvni nebo druhé déleni (Griffiths 1996)), a tak je moznost potomstva manipulovat
rozhodnutim matky pfi ovipozici zanedbatelna (Crespi a Semeniuk 2004; Uller 2008).
Recentni vyzkumy poukézaly na moZnost embryi ovlivnit ¢as lihnuti v pfitomnosti predatora.
Pii kontaktu embryi skokana s predatorem a pravdépodobné ptitomnymi kairomony, embrya
reagovala na ptitomnost dravce diivéjsim lihnutim, zvétSenim ploutevniho lemu i celého téla.
Nizka rozdilnost mezi reakcemi na preditora a kairomony je pravdépodobné zplsobena
zkuSenostmi pulct, respektive jejich rodicii, S pfitomnosti predatora. Touto zkuSenosti
vybaveni pulci maji naprogramovanou diiv€jsi dobu vylihnuti, zvétSeni ploutvi i téla. Sila
adaptivniho matetfského efektu je vtomto piipadé ziejma (Marshall a Uller 2007). Timto
Opatfenim sniZuji moZnost setkani se s predatorem a zvySuje schopnost plavani a tim i sniZzuje

riziko uloveni (Anderson a Petranka 2003).
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Colci jsou vhodni jako modelové organismy z nékolika diivodi. V piirozeném
prostiedi se setkavaji s predaci okounem Fi¢nim (Hartel et al. 2007). Vizuélni orientace
ptredstavuje dilezity prvek pti orientaci (Martin et al. 1974).

Skokan hnédy je vhodny jako modelovy organismus z ditvodu produkce velkého mnozstvi
vajiCek a schopnosti embryi reagovat na pfitomnost nebo nepiitomnost predatora (Vermeij
1982). Samice klade sntisky o velikosti 2000 vajicek (Savage 1961), které Casto slouzi jako
potrava predatorim. Rozhodnuti samice kdy a kam naklast vejce (Binckley a Resetarits
2008), je ovlivnéno vhodnym mistem, teplotou vody a také pritomnosti nebo absenci
predatora. Obdobi kladeni vajec trva obvykle nékolik tydnti. Podobné jako u jinych ektotermu
je délka embryondlniho vyvoje vyrazné ovlivnéna teplotou. Teplota vody v misté nakladeni
(. tésné pod hladinou) se blizi preferovanym teplotam pro ovipozici a vyznacuje se relativné

vysokou predpovéditelnosti budoucich teplot (Dvorak a Gvozdik 2010).
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5. ZAVER

Tato studie prokazala vyrazn€jsi hodnotu cichové a vizualni orientace v antipreda¢nim
chovani, coz ma vyznamny dasledek. Teorie uvadi, Ze ¢olci se orientuji vice zrakem a ostatni
podnéty nebo signaly jsou méné zietelné a vyhodnoceny jako méné vyznamné (Martin et al.
1974). V nasich experimentech pouze vizualni kontakt predatora s kofisti nemél vyznamnéjsi
vliv na behavioralni reakci. Konzumace byla v olfaktoricko vizualnim kontaktu mensi, toto je
pravdépodobné vysledkem vyuziti vizualni orientace zejména pii ziskavani kotisti, zatimco
pi1 detekci predatora hraje vyznamnéj$i roli ¢ich spolu se zrakem. Jiné reakce byly
zaznamenany u samctl i samic, samci jsou v tomto typu kontaktu zvyhodnéni pted samicemi,
Z hlediska reakce na moznou predaci a predvidatelnost chovani. Jednotlivé faze chovani se
prodluzovaly se vzristajicim poctem predatori, samice byly opatrn€jsi a mély tendenci
nevystavovat se predatorovi, respektive predatorim. Konzumace u obou pohlavi klesala se
zvysujicim se poctem predatort, u samic opét vyraznéji nez u samcti.

Dalsim vysledkem je prokazani adaptivnosti pulcti na pifitomnost predatora a i jeho
kairomont. Jedinci se lihli v krat$i dobé, nez je tomu obvyklé a jejich ploutve 1 délka téla
vykazovaly zmény. To znamena, Ze presence predatora povede vzdy ke zménam v morfologii

a tyto zmény jsou povazovany za adaptivni.
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Abstract:

The mechanisms of behavioral predator- prey relationship is very important element in
life- history of species. Pattern of behavior in particular situation has a major influence on
prey’s fitness, as well as on the predator’s. Recent studies indicate that amphibians are
capable change behavior and phenotypic plasticity in response to cues and presence to
predator. However, information is scarce on the relative importance of predator and
conspecifics cues in such a process. In particular, no attempt has been made to compare the
effects of exposures to chemical cues indicative of a predation risk for eggs and adults,
although both life stages can co-occur in natural habitats. In this context, common frog
embryos (Rana temporaria) and smooth newts adults (Lissotriton vulgaris) were raised in
presence of predator’s kairomones and presence (Perca fluviatilis). Tadpoles and adults show
to assess their respective influences on some hatching and behavior traits. While a significant
speed-up in hatching time and morphological measure of body and fins were observed in the
frog embryos exposed to chemical cues from predator. In adults of newts major reactions
were observed to olfactory- visual contact with predator. The femals were more cautious than

males. This life- history shifts notes to adaptive effects to predators risks.
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Introduction

It has been known for a long time that genotype expresses different phenotypes which
are dependant on environment and this ability is inherited (Woltereck 1909). Plasticity as an
attribute is expressed specifically for particular characteristic, especially in relation to certain
enviromental influences or under genetic control and may be influenced by selection
(Bradshaw 1965). Phenotypic plasticity can be described as a set of genotypes expressed by
phenotypes across natural conditions (Stearns et al. 1991). The extent of adaptivity is rather a
selection’s by-product within the scope of different enviromental characteristics than the
result of selection for plasticity itself (Via 1993). Evolutional plasticity must meet certain
criteria: the enviroment must be heterogenous and the genotype of an organism must meet
with more than one such criterion, its advantages must not outweigh any expenses for it, and
there must exist genetic variability within the population (Bradshaw 1965; Levins 1968).

The largest plasticity in amphibians is in their larval period. Larvae of amphibians
have an abilty to respond to deteriorating conditions: shortage of water (Berven 1990;
Semlitsch et al. 1988), lack of food or predation (Wilbur 1980). In situation when contact
occured between the larvae and the predator: in case of frogs, the larvae hatched earlier and
changed its body size (Wilbur & Fauth 1990) or in case of larval newts the increase in size of
the head and the change of fins to a darker colour were found (Buskirk & Shmitd 1999).
Mothers‘ contribution to offspring’s traits is not only by shared genes but also by the influnce
of their phenotypes . These traits are infuenced by the surrounding enviroment as well. For a
long time matternal influences have been viewed as beneficial providing that they improve the
performance and the chance of survival of a mother’s offspring (Mousseau & Fox 1998).
Many studies have demonstrated that ectothermic females oviposit in places with suitable
thermal conditions for embryonic development (Kingsolver 1979; Shine & Harlow 1996
Mayhew 2001) which suggests an maternal effect of temperature in relation to oviposition
preference-for females the temperatur is more important than the risk of predation (Marshall

& Uller 2007; Kurdikova et al. 2011).

Amphibians are generally able to evaluate their habitat’s safety — if the are more

predators in a pond the abundance in species is lower than in the ponds with less or any

http://mc.manuscriptcentral.com/folia_zool

Page 2 of 20



Page 3 of 20

Folia Zoologica

predators (Hecnar & M'Closkey 1997). It appears, in recent years, that there is an important
influence of personality. Animal personality may have adaptive explanation: it is a
compromise between current and future reproduction and can often have different character.
Some individuals put more emphasis on their offsprings’ fitness than others. These
differences in the expected fitness can cause different behaviour in relation to the risk of
predation. Individuals with higher future expectations should behave more aggresively
towards predators than those who do not expect their future fitness to be great (Wolf et al.
2007). The clutch can response react to predator’s presence-embryos are able to detect
chemical cues or signals from damaged eggs (Mandrillon & Saglio 2007). Many amphibians
are prey to predation because of their small size or slow movement. Their eggs are often
victims to caddisfly larvae (Trichoptera) which is the most common predator (Winterbourn
1971). Another predators are leeches (Macrobdella) (Howard 1978), flatworms (Kwet 1996)
or spiders (Pisauridae) (Sih et al. 1998). Adults® predators , especially of newts, are perches
(Perca fluviatilis) (Hartel et al. 2007), grass snakes (Natrix natrix) or eurasian water shrews
(Neomys fodiens) (Kruuk 1989).

In ecosystem the degree of coordination is based on the exchange of chemical cues.
This type of communication requires specific receptory mechanism which species can
produce. Behavioural, physiological and metabolitic changes in individuals occur after
receiving this information (Apfelbach et al. 2005). One example of this are kairomones. The
name “kairomones® is used between predator and prey, or between parasite and its host
(Nordlund et a. 1981). Kairomones make adaptive changes in the receiver but not in the
transmitter (Dicke & Sabelis 1988). Vertebrate’s kairomones are steroids that have triterpenic
property (Singer 1991). They are soluble in water and have low molecular weight-
approximately 500 Da. They are stable in extreme temperatures as well as in wide range of
pH, also they do not degrade in proteinase. When exposed to non-sterile conditions and to
37° C they dissapear within 24 hours. Ongoing activity in sterile conditions confirm fast
microbial degradation (Loose et al. 1993). Moreover, Ringelberg and Gool state that
kairomons may be created by bacteria associated with fish (Ringelberg & Gool 1998).
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Material and Methods

Smooth newt (Lissotriton vulgaris L., 1758) is medium-sized semiaquatic newt (total
length up to 10 cm), extending over large parts of continental Europe. Newts from the central
European populations breed from April to June (Dvordk & Gvozdik 2010). Larvae
metamorphose during the summer, but they sometimes hibernate in winter and complete
metamorphosis in next season. Adult newts feed on various invertabrates, mostly of
zooplankton (Ranta & Nuutinen 1985). Larval food predominantly consists mainly of
plankton (Bell 1975).

Common frog (Rana temporaria L., 1758) is a medium-sized frog. Females grow up
to 10 cm, males up to 85 cm. It is distributed across continental Europe (Hudec et al. 2007).
During reproduction it prefers water environment, and for the rest of the year it lives in
variety of terrestrial habitats, especially forests (Hudec et al. 2007). The diet of tadpoles is
algal biofilm, soft part of plants and later small water animals (Dungel & Rehak 2001).

Perch (Perca fluviatilis L., 1758) is a fish of medium to large size (25-50 cm),
inhabiting all waters (Ebert 2005). It is a predator of newts (Hartel et al. 2007). In our study,
population of perch commonly lives in pools which are used by newts for reproduction
(Kurdikova & Rulik 2012, own observations), newts were captured from the same locality,
close to Olomouc, Czech republic. Perches were captured from fish farm in Lostice. Frog ggs
and daphnids (Daphnia magna Strauss, 1820) were captured from temporary ponds, close the
previous locality.

We designed two experiments to determine behavior and morphological plasticity. For
experimental purpose the newts were caught (mean snout to vent length 32-42 mm) (Ranta et
al. 1986) in April and May 2012, males (n = 15) and females (n = 15) and perches (n = 9),
respectivelly. Groups of newts were placed in four tanks (65x35x30 cm high) filled with 30 1
of tap water. Each tank was equipped with water plants, Vesicularia dubyana and Egeria
densa, and a piece of Styrofoam. Temperature was maintained by aircondition. Group of
perches was divided into groups of four to five specimen in aquariums with a volume of 100 1.
Frog’s eggs were caught from the temporary pond and placed in 12 | plastic tanks. All tanks
were placed indoors in a bassement room which had indentical photoperiod and similar

temperature (13.0 £ 2.0° C) to their natural conditions.
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Newts and perches were fed with live daphnids (Daphnia magna) and worms
(Tubificidae) twice per week. After experiments, all inviduals were released at the site of their

capture.

Detection of behavior reaction to predator
Visual contact

Newts and perches (15-20cm) were left without food for three days before the
experiments began. Aquarium (volume 65 1) was placed in room with sustained temperature,
so that water temperature reached 13° C £ 0.5° C (light regime 12:12). The cover (stone) was
placed in aquarium and after 12 hours of water temperation randomlly selected perches
(average lenght 15 cm) were placed into tanks- one perch into tank number 1, three into tank
number 2 and five into tank number 3; into each tank one newt was placed as well. In order to
separating newts ans perches apart, impermermeable unperforated transparent barrier was
placed to the middle of aquarium (Fig. 1.). Into the tank with the newt daphnids were added in
excessive numbers, serving as a prey. For the next 6 hours, animals were left in tanks and
continously filmed on camera (digital camera dnt AR 3.6). After the six-hour interval was
performed evaluation of behavior phasis (behavior phasis was evaluated as transition to
another phasis in certain time; the behavior scale ad. Olfactory-visual contact). Later it was
perfomed gastric lavage upon the newts. Fourth aquarium was used as a control as there were
only newts and daphnids without predators.
Individuals aspects in the newt’s behavior and the amount of consumed prey were used to
determine their behavioral response to predator. The experiments were carried out separately
for males and female. After each experiment the tanks and equipment were thoroughly
cleansed (96 % ethanol and water) (Houck & Sessions 2006). Repetition was performed in

30-times.
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o

Figure 1. Schematic representation of the experimental tank with unperforated transparent
barrier for testing the visual influence of presence predator to antipredator behavior. Author

Kurdikova V.

Olfactory-visual contact
The experiment was carried out under the same conditions as above. The only
difference was that a perforated barrier was used that allowed exchange of possible chemical

cues (Fig. 2.).

P~

Figure 2. Schematic representation of the experimental tank with perforated transparent
barrier for testing the influence of presence predator to antipredator behavior of newt. Author

Kurdikova V.

Observation and measurement of the rate of consumption of the newts was performed
before both experiments were carried out. The observation was made in aquariums with
certain amount of daphnids and then newts® stomachs were flushed by water using a plastic
syringe and the number of caught prey was counted (Rulik 1992). This part served as a
control for behavior response to predators; this was developed into a scale based on newt

hunting and the amount of consumed prey.
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Scale: 1. Waiting in cover
2. Careful movement
3. Normal movement

4. Active hunting

Measuring the degree of morphological plasticity in tadpoles

The degree of plasticity in tadpoles were studied in plastic 12 1 tanks. Each tanks was
filled with tap water up to 15 cm high. Tanks (n = 3) were placed in a room, where the air
temperature was maintained so that the water temperature in aquariums reached 13° C £ 0.5°
C (light regime 12:12). After 12 hours of water temperation a clutch was placed into tanks
along with a randomlly selected perch. The tank was divided across by a perforated septum
which allowed water passage (Fig. 3.). In the second aquarium a clutch was also placed and
water was regularly replenished from the breeding aquarium with perches to serve as a source
of its kairomones (Fig. 4.). The third tank was used as a control. The eggs were in first or
second phasis of cell division. Number of hatched tadpoles were 459 individuals in all
aquariums, because large number of samples there was not neccesery to repeat of
measurements.
After the last tadpole hatched the total lenght, length of dorsal and ventral fins was measured.
Measured was done in graphic program Straight Lines. Tadpoles were anaesthetised with
solution of 2-phenoxyethanol. Approximately 0,1-0,2 ml 2-phenoxyethanol was mixed in 100
ml water and the tadpoles were immersed until muscular relaxation was observed (30-40

minutes).
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Figure 3. Schematic representation of the experimental tank with perforated transparent
barrier for testing the influence of presence predator to morphological plasticity of embryos.

Author Kurdikova V.

(©)

02D © — T

0°° O@ P e T e W W
QR GQ%

o O] (0} S G W G T G W
O P

Figure 4. Schematic representation of the experimental tank without barrier for testing the

influence of presence predator to morphological plasticity of embryos. Author Kurdikova V.

Statistical analysis

Data were analyzed by using various models according to the type of data and the
design of a particular experiment. In case of antipredator behavior of newts, a general linear
model with binomic and Poisson-distributed data was applied. Relevance of individual factors
was evaluated by deviance analyses. In case of overdispersion ,,quasi-likelihood* model was
used.

Analyses of morphological plasticity of tadpoles was evaluated by covariance
analysis. Size value was tranformed by logarithm.

A significance level of a = 0.05 was used for all statistical tests. All means are
reported + one standard error. Analyses were performed using R statistical packages (R

Development Core Team 2009).
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Results

Predator —prey olfactory-visual contacts: newts

The newts reacted differently to the risk of predation than in control observation
without predators. No influence of predators on the behavioral phases such as waiting in cover
(P =0,14), careful movement (P = 0,23) was proven, only on the phase normal movement the
predators’s influence was significant (P = 0,006; Fig. 5.). Sex separation wasn’t proven in this
type of contact (P = 0,02). Food consumption was higher than in olfactory-visual contact.

In olfactory-visual contact the similarity of behavior compared to the control was detectably
closer although the influence was not proven as significant-behavior in the careful movement
phase was influenced by the presence of predators (P = 0,02).In this type of behavior females
were more careful than the males, or more precisely the percentage of females whose
reactions was longer was higher than the percentage of males (P = 0,004; Fig. 6.). Food
consumption was influenced by sex-males were eating more (P = 0,01; Fig. 7.), with growing
numbers of predators the food consumption subsided (P = 0,04; Fig. 8.). In general the
olfactory-visual contact was detectably more significant, however the consumption was lower

in olfactory-visual type than in the visual type (Fig. 9.).

Tadpoles

The influence of a presence of predators as well as kairomones was observed in
freshly hatched tadpoles (Fig. 10.). In the former case a significant growth of 18 % (P<0,001)
in a dorsal fin, 17,8 % (P<0,001) in abdominal fin, and 26 % (P<0,001) in total body length
occured. In the latter case growth of 14 % (P<0,001) in dorsal fin, 13,5 % (P<0,001) in
abdominal fin, and 22 % (P<0,001) in total body length was observed. No significant change
of morphology was proven between predators and kairomones. The incubation period was
measured from the hatching of a last tadpole-in the case of control 25 days, then 19 days in
the case of kairomones, and 18 days when the predator was present; i.e. the incubation period

was shortened by 24% (P<0,001) and 28% (P<0,001) respectively in the later two cases.
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Discussion

Seeing that the amphibians go through various life phases during their lifetime, the
trade-off among these phases is a very important element between the speed of growth and the
mortality (Moore et al. 1996). Among the most important environmental reactions is the
reaction to the risk of predation (Werner & Gilliam 1984; Werner 1986). The ability to detect

possible risk and the presence of predation speeds up behavioral plasticity and the possibility
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to predict their future fitness as well as their offspring’s fitness (Marshall & Uller 2007).
These behavioural adaptations are common to those species and populations which already
encountered the predation variability and are, consequently, prepared for that risk (Chivers et
al. 2011).

Our results showed that the newt’s behavior reactions to the predator did not always
match with the behavior without predation. In environment where kairomones were probably
present certain types of behavior manifested themselves as fixed, another ones were not
detected. There are many probable reasons for this difference — hitherto unknown interactions
between predator and prey, more heterogencous stimuli caused by kairomones or drain caused
by manipulation during experiments.

The reaction time grew longer with the growing number of predators in experiments
during which the newts were in contact with the perches, the ultimate phase of behavior (see
Methods) in certain specimens did not occur at all or was above the specified time frame.
Females manifested these slower reactions more often than males. Search for food was
manifested differently in regard to sex but the risk of predation did not deter specimens from
consumption although this behavior phase was prolonged. Consumption during olfactory-
visual contact was lesser-this is probably caused by using visual orientation while feeding
whereas the sight and the sense of smell are more important while detecting a predator. Males
were eating more food than the females however the amount of consummated food grew
smaller in both sexes in relation to growing number of predators. The reason for this is that
the males are more active during breeding than the females and are more exposed to the risk
of predation, therefore they can be more resilient to the influence of predators (Rajchard

2006).

Inter-species communication is realized by chemical signals (Sharbati & Osculati 2006) and
the possibility to react to predation by changing morphology or function represents for
amphibians certain evolutional advantage (Ducey & Brodie 1991; Brodie 1977). Kairomones
cause adaptive changes to the receiver (in our case, a frog embryo) but not to the producer
(Dicke & Sabelis 1988). The eggs are laid during early embryonic developement (first or
second divisioni (Griffiths 1996)), and therefore the possibility for manipulation with the
mother’s decision during oviposition on a part of embryos is negligible (Crespi & Semeniuk
2004; Uller 2008). Recent research efforts pointed out on the possibility for the embryos to
influence the hatching time in predator’s presence. The frogg’s embryos during the contact with

the predator and possible presence of kairomones reacted to its presence by earlier hatching,
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elongation fins and the whole body. The low variance between reactions to predators and
kairomones is probably caused by the tadpoles, and their parents respectively, experience with
the predator. Tadpoles such endowed hatch earlier, their fins and bodies as well grow bigger.
The presence of a adaptive maternal effect is, in this case, apparent (Marshall & Uller 2007).
This arrangement lowers the possibility of an encounter with the predator and enhances the

ability to swim, thus lowers the risk of being caught (Anderson & Petranka 2003).

For many reasons the newts are convenient as a model organisms-they encounter in
their natural enviroment by perch (Hartel et al. 2007). Visual orietation represents a major
element for orientation (Martin et al. 1974).

Common frog is a convenient model organism because of its ability to produce a large amount
of eggs and also for the ability of its embryos to react to the presence or absence of predators
(Vermeij 1982). Female lays clutch of about 2000 eggs (Savage 1961) which often serves as a
predator’s food supply. The decision where and when lay the eggs is influenced by the
availability of a convenient spot, by water temperature and also by the presence or absence of
predators. The period of laying eggs lasts usually for several weeks. Similar to other
ektoterms the duration of embryonic developement is significantly influenced by water
temperature. Water temperature in the laying spot (i.e. just below water surface) is nearing the
preferable temperatures for oviposition and is distinguished by relatively high probability of

future temperatures (Dvotrak & Gvozdik 2010).
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