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UvVOD

Jednim z nejvyznamnéjsSich témat behavioralni ekologie je rodicovska péce zivocicht, tedy chovani
rodici, které n&jakym zplsobem zvySuje fitness jejich potomstva (Trivers 1972, Maynard Smith
1977, Winkler 1987, Clutton-Brock 1991, Klug & Bonsall 2010). Kromé velkého vyznamu znalosti
rodicovské péce z hlediska poznani jednotlivych druhl piestavuje rodiCovska péce u zivocichu také
usttedni problém, ktery souvisi s celou fadou dalSich oblasti etologie, ekologie a evoluce zivoc¢icht
(rozdily mezi pohlavimi, reproduk¢ni strategie, vnitrodruhova i mezidruhova variabilita, reprodukéni
uspesnost druhl v riznych typech prostiedi atd.; Clutton-Brock 1991, Krebs & Davies 1993, Alcock
2005).

U ptaki je rodi¢ovska péce zna¢né rozvinuta a zahrnuje celou fadu riznych prvkt chovani
veskeré chovani ptakil souvisejici se stavbou hnizda ¢i pfipravou jiného mista pro kladeni vajec,
produkeci velkych, Zivinami bohat¢ zdsobenych vajec, péci o vejce, péci o mlad’ata v hnizd¢ i mimo
hnizdo véetné zasobeni mlad’at zivinami (Clutton-Brock 1991). I kdyz pomineme obecné znamé
ptipady alternativniho zptisobu vychovy mlad’at u tabonti (Clark 1964, Jones et al. 1995, Booth &
Jones 2002) a hnizdnich paraziti (Ortega 1998, Rothstein & Robinson 1998, Davies 2000), mohou se
strategie rodiCovské péce, jeji rozsah a intenzita u jednotlivych druhd ¢i populaci vyrazné lisit
v zavislosti na riznych vnéjSich i wvnitinich faktorech (tedy podminkach prostfedi respektive
vlastnostech jedincti dané populace; viz napt. Kendeigh 1952, Burness et al. 1994, Elkins 1995,
Thomas & Szekely 2005, Martin et al. 2007). Proto ma velky vyznam vyzkum reprodukénich
strategii riznych druhii ptakl v nejriznéjsich podminkach.

V pribéhu 2. poloviny 20. stoleti doSlo k obrovskému narlstu intenzity vyzkumu
rodicovské péce a obecné reprodukenich strategii riznych druhii ptakt (viz napt. Deeming 2002, Gill
2007). Krome¢ samotného popisu zpiisobti reprodukce a rodi€ovské péce u jednotlivych druht
nartistala snaha o vysvétleni ultimatnich pfi¢in riznych prvkt rodicovského chovani a jeho
variability. Velkd pozornost byla vénovana zejména evoluci rozmnoZzovacich systémt a rodicovské
péce (Kendeigh 1952, Orians 1969, Ar & Yom-Tov 1978, Clutton-Brock 1991, Ligon 1999,
Cockburn 2006) a vlivu paternity na rodicovskou péci (Whittingham et al. 1992, Moller & Birkhead
1993, Mgller 2000, Arnold & Owens 2002, Macedo et al. 2008). Variabilita v reproduk¢nich
strategiich byla dfive vysvétlovana predevSim vlivem potravy (napf. Ricklefs 1968, Davies &
Lundberg 1985, Martin 1987, Saether 1994a,b). Pfi intenzivnim vyzkumu vlivu potravy a n€kolika
dalsich tradicné studovanych faktort (napft. teplota, velikost sniisky, fylogeneze) se vSak ukazovalo,
Ze vyznamna ¢ast mezidruhové i vnitrodruhové variability zlstava témito faktory nevysvétlena a ze

naopak velice vyznamny vliv na reprodukéni strategii a chovani ptakt pii péci o potomstvo miize mit
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predace (Skutch 1949, Martin 1995; Martin et al. 2000a; Ghalambor & Martin 2000, 2002, Ferretti et
al. 2005). Hnizdni predace je v globalnim méfitku nejcastéjsi a také nejvyznamnégjsi pticinou
neuspé$ného hnizdéni (Lack 1954, Nolan 1963, Ricklefs 1969, Martin 1993, 1995) a predstavuje tak
vyznamny prvek pfirodniho vybéru. Pod silnym selekénim tlakem predace se vyvinuly rizné formy
antipredacniho chovani (viz Montgomerie & Weatherhead 1988, Caro 2005), které maji néjakym

zpusobem omezit riziko hnizdni predace.

V nasledujici ¢asti této prace predstavim modelovy druh mého vyzkumu a nasledné pak proberu
studované prvky z oblasti strategii rodicovské péce. Jednotlivé aspekty vyzkumu popisu vzhledem
k zna¢né $ifi tématu odd€lené, opét se struénym uvedenim do problematiky a naslednym popisem
hlavnich vysledki mého vyzkumu. Podrobné informace, metodika vyzkumu a diskuze k jednotlivym

tématiim jsou uvedeny piimo v prezentovanych ¢lancich a proto je zde nebudu znovu popisovat.
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Modelovy druh

Jako modelovy druh pro mtj vyzkum strategii rodicovské péce jsem zvolil lindusku luéni (Anthus
pratensis). Je to drobny, okolo 18 g vazici, monogamni pévec s hnizdnim aredlem v severni, stfedni a
zapadni Evropé vcetné Britskych ostrovi, Islandu a Gronska a v prilehlé ¢asti severniho Ruska. Na
vetsing aredlu je taznym druhem, zimovisté lezi prevazné ve Stiedomoti - v jizni Evrop€, severni
Africe a jihozapadni Asii (Cramp 1988).

Linduska lu¢ni hnizdi v bezlesych oblastech, pfedevs§im na vlhkych loukach a raselinistich,
a to vcetn¢ vrcholovych oblasti sttedoevropskych hor, kde na vhodnych lokalitach vytvaii pomérné
pocetné hnizdni populace (Stastny et al. 2006). Potravu tvoii témé&f vyhradné riizni bezobratli
zivoCichové, sbirani predevsim na zemi béhem rychlé chlize (Walton 1979, Henle 1983, Bures 1994).
Hnizdo si stavi na zemi, vét§inou dobte skryté v travé ¢i nizkych keficich, v horskych oblastech i
v kle¢i; jako hnizdni material je pouzivana prevazné sucha trava (Cramp 1988, vlastni nepubl. udaje).
Primérna velikost sntisky byla v zapadnim Némecku 4,64 vajec (Hotker & Sudfelt 1982), v jiznim
Norsku 5,42 a ve Finsku 5,75 vajec (Coulson 1956); v horskych oblastech Ceské republiky se
primérna velikost snisky pohybuje mezi 4 a 5 vejci (vlastni nepubl. udaje). Inkubace trva piiblizné
13 dni a po vylihnuti jsou mlad’ata jesté nékolik dni zahiivana samici. Mlad’ata opousti hnizdo
ptiblizné po 12,5 dnech (Coulson 1956), v ptipad¢ ohrozZeni hnizda je vSak mohou opustit i diive. Po
opusténi hnizda jsou pak mlad’ata doprovazena rodici a krmena jesté asi 13 dni (Hotker 1982). Ve
stfedni a zapadni Evrop€ hnizdi bézné¢ dvakrat ro¢né, v severni Evropé€ je druhé hnizdéni vzacné
(Coulson 1956).

Linduska lu¢ni je monogamni druh a na rodicovské péci se podileji oba rodice, inkubaci
snusky a zahtivani malych mlad’at v hnizd¢ vSak zajistuje pouze samice (Cramp 1988), kterd je tak
nucena volit mezi naroky sniiSky na zahiivani a svymi vlastnimi potfebami (zejména nutnosti
pravidelného hledani potravy). Populace lindusek hnizdici v alpinskych biotopech jsou navic dobrym
objektem pro vyzkum inkubacnich strategii kviili naro¢nosti inkubace v drsném horském klimatu.
Vzhledem k malé velikosti a nedostatku u¢innych Gto¢nych prostfedkti vuéi predatorim (Bure§ &
Pavel 2003) je linduska také zajimavym objektem pro studium moznych alternativnich zplsobt

antipreda¢niho chovani bez moznosti pfimého odehnani hnizdnich predatort.
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1. Strategie inkubace v horském prostiedi (¢lanek I)

Ptaci inkubace patii mezi pomémné intenzivné studované oblasti ornitologie a v pribéhu druhé
poloviny 20. stoleti zde doslo k velkému narGstu poznatki (Kendeigh 1952, Skutch 1957, 1962,
Lundy 1969, Drent 1975, Webb 1987, Haftorn 1988, Conway & Martin 2000a,b, Deeming 2002).
Intenzivni vyzkum byl zaméfen zejména na embryonalni vyvoj a fyziologii u ptakd (Romanoff 1960,
1967, Freeman & Vince 1974, Metcalfe et al. 1987, Deeming & Ferguson 1991), a to zejména diky
snaze o lepsi poznani a dalsi komercni vyuziti ¢lovékem chovanych druhti ptakti (napt. Tullett 1991),
predevsim kura domaciho (Gallus gallus).

Vzhledem k velké rozmanitosti ptakd a znacné variabilité jejich chovani (Gill 2007) je
dilezité zkoumat strategie inkubace u rtznych druhii a zjiStovat jejich ovlivnéni riznymi faktory
prostiedi. Pfi naSem vyzkumu inkubace u lindusky lu¢ni jsme se zaméfili na sledovani inkubacnich
strategii lindusek v narocnych klimatickych podminkach horského prostiedi stiedni Evropy,
konkrétné vrcholovych ¢asti Krkonos. Toto prostiedi je charakteristické nizSimi teplotami, vysSimi
srazkami a Casto rychlymi zménami pocasi v prubéhu jednoho dne (Migala et al. 1995). Sledovali
jsme, jak inkubujici ptaci zajistuji v téchto naro¢nych podminkach vhodné prostiedi pro vyvoj vajec,
konkrétn€ jak ptizplisobuji své inkubacni chovani s ohledem na denni dobu, ménici se teplotu a
vyskyt srazek. Predpokladali jsme, ze tyto faktory budou mit velice vyznamny vliv na pribéh
inkubace a ze strategie inkubace v horskych podminkdch mize byt odlisna od strategie vyuzivané
v béznych klimatickych podminkach stiedni a zapadni Evropy. Oc¢ekavali jsme, Ze navstévnost
hnizda (podil Casu straveného samici na hnizd¢) bude v horském prostiedi vyssi, aby byla sniiSka
chranéna pied prochlazenim. V této souvislosti jsme také pfedpovidali, Ze by se u studované
populace lindusek mohlo vyskytovat Casté inkubac¢ni krmeni samice samcem, aby bylo umoznéno
delsi setrvani samice v hnizdé (Martin & Ghalambor 1999).

Pii vyzkumu jsme vyuzili také faktu, ze nartstajici pocet studii inkuba¢niho chovani a
rychle se rozvijejici moderni technika vyuzitelna pro terénni vyzkum (napt. Reif & Tornberg 2006,
Weidinger 2007, Pierce & Pobprasert 2007) umoziuji v posledni dobé presnéjsi analyzy a
srovnavani inkubace i u nejriznéjsich volné zijicich druht ptakti. Mohli jsme tak pomoci miniaturni
kamery a pomalobézného videa pofizovat detailni zdznamy inkuba¢niho chovani lindusek, které bylo
nahravano celych 24 hodin bez jakéhokoliv ovlivnéni pfitomnosti ¢loveka, a srovnavat nase vysledky
s fadou dalSich studii. Chovani inkubujicich samic v nocnich hodinach bylo navic kontrolovano
pomoci dataloggert (viz ¢lanek II, obr. 1). Ziskany zdznam cirkadidnni variability chovani tak byl
uceleny a nemohl byt ovlivnén zadnymi rusivymi faktory souvisejicimi s vyzkumem (napf. ruSeni
ptaki pti opakovanych kratkych sledovanich) ani ptipadnymi zménami podminek pfi pieruSovanych

zaznamech ¢i kratkodobych sledovanich na riznych hnizdech v rGznou denni dobu.
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Obr. 1: Priklad zaznamu inkubaéniho rytmu u lindusky lu¢ni béhem dne ziskany pomoci
dataloggeru. Horni ¢ara ukazuje priibéh teplot v hnizdé, dolni ¢ara teploty v okoli hnizda.
Vyrazné poklesy teploty v hnizd¢ odpovidaji odletim inkubujici samice z hnizda, prudké

narusty odpovidaji za¢atkim zahtivani snusky
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Nase vysledky potvrdily vyznamny vliv sledovanych podminek prostiedi na strategii inkubace —
frekvence inkubace se vyrazné meénila v zavislosti na denni dobé¢, teploté a srazkach. Pfi nejnizsich a
nejvyssich teplotach vyskytujicich se na lokalité se délka inkubacnich period zkracovala. Vyskyt
srazek zkracoval délku piestavek v inkubaci a prodluzoval délku jednotlivych inkubaénich period.
Intenzita inkubace se vyrazn¢ meénila v pribéhu dne — délka inkubacénich period byla delsi rano a
vecer, délka prestavek v inkubaci byla naopak nejdelsi uprostied dne. Délka prestavek vSak kolisala
méné vyrazn¢ nez délka inkubacCnich period. Vysledkem byl vyrazny periodicky pribéh zmén
navstévnosti — béhem rana se navstévnost hnizda vyrazné snizovala, uprostfed dne byla stabilné
nizka a k veCeru se zase zacala zvySovat az na no¢ni maximum (b¢hem noci samice sedély na hnizdé
zpravidla bez preruseni). Zjistili jsme také vyznamné rozdily v inkuba¢nim chovani mezi
jednotlivymi roky, coz by mohlo byt zptisobeno pravé rozdily v klimatickych podminkach v riznych
letech (Pavel et al. 2008) nebo i ménicim se predacnim tlakem (Svoboda et al. 2007).

Prestoze klimatické podminky v alpinskych biotopech stfedoevropskych hor kladou na

inkubujici ptdky zvySené naroky, zéakladni charakteristiky inkubacniho chovéni linduSek v tomto
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prostiedi se vyrazné nelisily od nejcastéji zjistovanych hodnot u jinych druht altricialnich pévct, u
kterych inkubuje pouze samice (Conway & Martin 2000a). AvSak pfi srovndni s jinymi, diive
studovanymi populacemi lindusek Iucnich ve stfedni a zapadni Evropé (Hotker 1990, Seel & Walton
vys$i oproti srovnavanym populacim, srovnatelna jen s navstévnosti zjisténou u severské, Svédské
populace (Davies 1958). Naproti tomu se u studované populace téméf nevyskytovalo inkubaéni
krmeni (krmeni inkubujici samice samcem), coz predstavovalo vyrazny rozdil oproti zjiSténim
Halupky (1994) u polské populace. Jednim z moznych vysvétleni tohoto rozdilu mize byt dostatek
potravy v horskych podminkach (viz také Bures et al. 1999), jinym by mohla byt snaha rodi¢ti omezit
v ptehledném bezlesém terénu napadnou pohybovou aktivitu a snizit tak moznost prozrazeni hnizda

predatorim (Martin et al. 2000b; viz ¢lanek II).



Uvod 13

2. Antipredacni chovani v dobé hnizdéni (€lanky I1 a I1I)

Antipredacni chovani ptakli zahrnuje Sirokou $kalu rtznych prvki chovani, které snizuji riziko
predace (Montgomerie & Weatherhead 1988, Caro 2005, Lima 2009). Pokud se zaméfime na
chovani sméfujici k zamezeni predace snisky, pak sem milzeme zahrnout zejména zajisténi
vhodného a bezpe¢ného mista pro hnizdéni (Collias & Collias 1984, Hansell 2000, Liebezeit &
George 2002, Forstmeier & Weiss 2004) ¢i hnizdéni ve skupinach (Wiklund & Andersson 1994,
Rolland et al. 1998, Serrano et al. 2001), rizné typy maskovani ¢i ukryvani rodi¢i, hnizda, vajec ¢i
mlad’at (Norment 1993, Gotmark et al. 1995, Slagsvold et al. 1995, Howlett & Stutchbury 1996,
Weidinger 2001, 2002) ¢i aktivni obranu hnizda utoky na predatora (Curio 1975, Dale et al. 1996,
Larsen et al. 1996, Grim 2005, 2008) nebo jeho odlakavanim od hnizda (Armstrong 1954, Simmons
1955, Hudson & Newborn 1990). Pfi studiu strategii rodi€ovské péce u lindusky lucni jsem se
zabyval dvéma ztéchto prvkl antipreda¢niho chovani — omezenim pozorovatelné rodicovské

aktivity v okoli hnizda a odldkavanim predatora od hnizda.

Strategie inkubace pri zvySeném riziku predace

Jednou z moznosti, jak snizit riziko predace snlisky, je snizeni aktivity rodi¢d v okoli hnizda. Pii
mensi aktivité¢ rodi¢t (méné prileti do hnizda a odlett z néj) se snizuje pravdépodobnost, Ze bude
hnizdo predatorem nalezeno na zaklad¢ sledovani pohybt rodict (Martin 1995, Conway & Martin
2000a, Martin et al. 2000a,b, Ghalambor & Martin 2002, Fontaine & Martin 2006).

Prestoze vliv predace na reprodukéni strategii a aktivitu ptakd u hnizda predpokladal
Alexandr Skutch uz vroce 1949 (Skutch 1949), doklady zmén v chovani ptakd béhem inkubace
vajec a péfe o mladata pod zvySenym preda¢nim tlakem byly az do konce 20. stoleti relativné
vzacné, Casto spiSe spekulativni (Norton 1972, Thompson & Raveling 1987, Weathers & Sullivan
1989, Norment 1995). AZ na prelomu 20. a 21. stoleti se objevilo n€kolik praci dokladajicich
presvédcive vliv predacniho tlaku na aktivitu ptakt u hnizda (Martin & Ghalambor 1999, Conway &
Martin 2000a, Martin et al. 2000b, Strickland & Waite 2001); i tyto prace vsak predpokladaly vyssi
predacni tlak na urcitého jedince jen na zaklad€ vyssi primémé miry predace na dané lokalité ¢i u
ur¢itétho druhu. Fontaine & Martin (2006) a Massaro et al. (2008) pak provedli dlouhodobé
experimenty s odstranénim predatord v nékterych lokalitich a srovnani chovani ptakii v téchto
oblastech s ostatnimi. Pfimych dokladd vlivu momentalniho zvySeni predacniho tlaku na aktivitu
rodict je vSak stale jen nekolik a byly ziskany na zdkladé hodnoceni krmeni mlad’at (Ghalambor &
Martin 2001, Eggers et al. 2005, 2008) nebo inkubacnich krmeni samice samcem (Ghalambor &

Martin 2000, 2002). Proto jsme se v na$i praci zaméfili u lindusky luéni také na testovani vlivu
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experimentalniho zvySeni predacniho tlaku na strategii inkubace. Predpokladali jsme, Ze ptaci jsou
schopni rozpoznat obvyklého hnizdniho predatora a ze v dob¢ jeho piitomnosti budou inkubujici
samice upravovat rytmus inkubace a snizovat pocet odlett a pfilett do hnizda.

Na experimentalni, kratkodobé zvySeni predac¢niho tlaku zprostfedkované umisténim
modelu hnizdniho predatora v okoli hnizda reagovaly samice lindusky lu¢ni v souladu s teoretickymi
predpoklady a snizovaly svou aktivitu v blizkosti hnizda. Po vyplaSeni se samice vracely zpét do
hnizda v pfitomnosti modelu hnizdniho predatora (straky obecné Pica pica) pozdéji, nez
v pfitomnosti modelu neskodného kontrolniho druhu (kfivky obecné Loxia curvirostra) a
prodluzovaly délku jednotlivych pobytti v hnizd€ i mimo hnizdo; tim padem se snizoval i pocet
pohybti samice do hnizda a ven z hnizda. Nase vysledky tedy potvrzuji, Ze ptaci jsou schopni
reagovat na pfitomnost hnizdniho predatora a pfizptsobit své inkubacni chovani tak, aby snizili
riziko objeveni jejich hnizda timto predatorem — omezenim aktivity umoziujici prozrazeni umisténi

hnizda.

Odlakavani predatora od hnizda

Zvlastnim typem aktivni obrany hnizda je odlakavani predatora od hnizda (distraction displays), pfi
némz rodi¢ predstird zranéni a snazi se predatora odlakat od potomstva (Armstrong 1954, Simmons
1955, Hudson & Newborn 1990, Sordahl 1990). Toto chovani se vyskytuje typicky predevsim u
ptakl, v mnohem mensi mife je zndmo také u savca (Caro 2005). Odlékavaci chovani bylo zndmo
také u lindusky luéni (Cramp 1988), avsak pfed vydanim prezentovaného ¢lanku nebylo podrobnéji
studovano. Samice lindusky zahfivajici vejce ¢i mala mlad’at po vyplaseni z hnizda ¢asto pfi vyletu
predvadi zranéni. Intenzita tohoto chovani je variabilni, od prostého odletu bez odldkavani pies
kolébavy ¢i tiepetavy let az po pristani na zemi zahy po vyletu a poskakovani po zemi s predvadénim
zranéného ktidla (viz ¢lanek III).

Podle teorie rodicovskych investic (Clutton-Brock 1991) by méla intenzita obrany hnizda
stoupat se zvySujici se reprodukéni hodnotou potomstva. Proto jsme predikovali rozdily v intenzité
odlakavani od hnizda u rizné starych snisek a u riznych populaci lindusky s rozdilnym potencialem
k opétnému zahnizdéni. Pfi srovnani odlakavani u severské (norské) a u stiedoevropské populace
jsme vsak nenalezli vyznamny rozdil v intenzit€¢ odlakavani, ackoliv moZnost znovuzahnizdéni
v témZe roce je u norské populace podstatné mensi a velikost snlisky vétsi. Navic se neprokazal ani
vliv velikosti snisky, jejiho stari ¢i teploty prostfedi. Tyto vysledky se 1isi od zjisténi vétSiny
predchozich studii zabyvajicich se obranou hnizda u ptakd. Chovani jednotlivych ptak pii
odlakavani predatora je ziejm¢ mén¢ zavislé na hnizdnich podminkach nez u ptimé obrany hnizda

ptred predatorem. Mozna vysvétleni tohoto jevu jsou podrobnéji diskutovana v ¢lanku III.
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3. Strategie krmeni mlad’at v hnizdé (¢lanek 1V)

Frekvence krmeni mlad’at jejich rodici patii mezi jeden z nej€astéji sledovanych parametri chovani
ptaki a investice rodicii do potomstva (napt. Johnson & Best 1982, Mgller & Birkhead 1993, Sandel
et al. 1996, Maigret & Murphy 1997, Moreno et al. 1999, Sanz et al. 2000). Pfesto je velka ¢ast
zaveéri predeslych studii, které prezentuji vysledky sledovani frekvence krmeni, nedostatecné
podlozena. Studie casto vykazuji metodické nedostatky, napi. jim chybi kontrola dtlezitych
matoucich faktort, o nichz je jiz dobfe zndmo, Ze mohou mit vyznamny vliv na frekvenci krmeni
(napt. denni doba, pocasi; Veistola et al. 1997, Laiolo et al. 1998, Grundel & Dahlsten 1991, Geiser
et al. 2008). Pritom chovani ptakd pii krmeni mladat mize byt velice proménlivé, prizplisobované
naroktim prosttedi a aktualnim pottebam jedinct (Clutton-Brock 1991, Alcock 2005, Gill 2007).

Pfi studiu rodi¢ovské péce lindusky luéni jsem se proto zabyval i zkoumanim strategii
krmeni mlad’at rodi¢i a snazil se zjistit, jak vyznamny je vliv nékterych vybranych faktorti na
denni doby, staii mlad’at a pohlavi rodicl. Pfedpokladal jsem, Ze strategie krmeni jednotlivych rodic¢a
se bude vyrazné¢ meénit s vékem mlad’at v souvislosti se zménami jejich vlastnosti (rist mladat,
pfechod z ektotermie na endotermii atd.; Carey 1996, Gill 2007). Zaroven jsem o¢ekaval také zmény
v aktivité rodic¢l v pribéhu dne (Bogucki 1972, Constant & Eybert 1980, Hotker 1990), kdy dochazi
k periodickym zménam nékterych podminek prostiedi (svétlo, teplota, vihkost apod.).

Béhem pozorovani jsem potvrdil vyznamné zmény ve frekvenci krmeni mlad’at v pribéhu
dne i v pribehu hnizdéni a vyrazn¢ se menila i strategie krmeni v zavislosti na pohlavi rodice. Starsi
mlad’ata byla krmena vyrazné Castéji neZ malad a na této zméné primérné frekvence se podilela
zejména samice, ktera frekvenci krmeni u velkych mladat velice vyrazng zvysila. Tento jev ziejme
souvisi s nutnosti zahtivani malych mlad’at samici v dob¢ nizkych teplot a rostoucimi naroky mlad’at
na mnozstvi zivin. Naproti tomu u samce jsem nezjistil vyznamnou zménu ve frekvenci krmeni.
Neochota samcti zvySovat krmici usili mize souviset také s moznosti zvysit si reprodukéni uspéch
také jinym zptsobem, naptiklad mimoparovymi kopulacemi (Krebs & Davies 1997).

Frekvence krmeni se velice vyrazn€ ménila také v prubchu dne, a to odlisné u malych a u
velkych mlad’at. U malych mladat byla frekvence krmeni nejvys$si Casn€ rano a pozdé vecer, u
starSich mlad’at byla frekvence krmeni nejvyssi v pribéhu dopoledne a velice vyrazny byl vecerni
pokles az k minimu v nejpozdnéjSim vecernim intervalu. Mlads$i mlad’ata, kterd mohou vzhledem
k malé velikosti a nedostatku zasob trpét delsim nedostatkem potravy, byla ziejmé rdno prednostné
dokrmena po noci, kdy rodi¢e nemohli hledat potravu, a obdobn¢ pfedzasobena potravou vecer pied

setménim. U starSich mlad’at by jiz mély byt vytvoreny vétsi zasoby energie (Carey 1996) a je tedy
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pravdépodobné, Ze jsou nejvice krmena v nejpiihodnéjsi ¢asti dne (napf. nejvétsi nabidka dostupné
potravy).

Ziskané udaje dokladaji slozitost a provazanost problémi vyzkumu rodicovské péce u
ptaku. Pfi sledovani strategie krmeni mlad’at u lindusky luc¢ni se mi podafilo ziskat podrobné tdaje o
frekvenci krmeni mladat u tohoto druhu a také potvrdit dualezitost kontroly alesponi nékterych

zakladnich faktorti, které tuto cast rodiCovské péCe vyrazné ovliviuji. Podrobnéji je tato

problematika diskutovana v ¢lanku IV.
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Shrnuti

Béhem vyzkumu se nam u lindusky luéni podaftilo ziskat podrobné udaje o strategii inkubace sntsky,
krmeni mlad’at rodici v pribéhu dne u rizné starych mlad’at a o nékterych prvcich antipreda¢niho
chovani v dob¢ inkubace a zahtfivani malych mlad’at. V ramci zvoleného modelového druhu jsme tak
ziskali 1 odpovédi na nékteré obecné otazky tykajici se ovlivnéni rodiCovské péce u ptakd rdznymi
faktory prostiedi. V nasledujicim piehledu uvadim shrnuti dilezitych zjisténi vyplyvajicich z nasSeho
vyzkumu strategii rodicovské péce:

1) strategie inkubace lindusky lu¢ni v horskych podminkach je vyznamné ovliviiovana

denni dobou, teplotou a srazkami,

2) primérna navstévnost hnizda pii inkubaci snisky je u horské sttedoevropské populace

nejvyssi v ramei studovanych evropskych populaci,

3) inkubaéni krmeni samice v hnizdé se u studované populace lindusky luc¢ni objevuje

prekvapive velice vzacné,

4) ptaci jsou schopni rozpoznat hnizdniho predatora a reagovat na jeho pritomnost
prizptisobenim strategie inkubace tak, aby snizili riziko objeveni hnizda (sniZzenim
aktivity),

5) intenzita odlakavani od hnizda se u severské a stiedoevropské populace lindusky lucni
vyznamn¢ neli$i, ackoliv moznost znovuzahnizdéni a velikost snlsky je u nich

rozdilna,

6) intenzita odlakavani od hnizda neni u lindusky lu¢ni vyrazné ovlivnéna ani velikosti

snlsky, jejim stafim ¢i teplotou prostiedi,

7) strategie krmeni mlad’at lindusky lucni samcem a samici je odlisna a vyrazné se méni

s vékem mlad’at a s denni dobou
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Abstract Incubation behaviour of the Meadow Pipit
(Anthus pratensis) was investigated in mountainous con-
ditions in Central Europe (the Krkonose Mountains of
the Czech Republic), in relation to the time of day and
weather. Twenty-four-hour recordings of incubation
behaviour were made with a time-lapse video recorder and
mini-camera. The influences of year, nest, time of day,
temperature, precipitation and previous bouts on session
and recess duration were then analysed. The incubation
behaviour of Meadow Pipits in general did not differ from
the behaviour of other small female-only incubating
passerines. Despite relatively cold climatic conditions in
the study area, the mean length of sessions and recesses
(19.69 and 5.53 min), as well as nest-attentiveness
(77.19%), agreed with values which are most often found
in other species. However, the Meadow Pipit incubation in
the study area was, in terms of nest-attentiveness, more
intensive than in other surveyed populations of this species.
Incubation behaviour was strongly influenced by the time
of day—incubating females increased nest-attentiveness
during the morning and evening hours. After the time of
day was filtered out, the influence of temperature was
found only on sessions (not recesses). Sessions were the
longest when the air temperature was approximately
12-16°C and shortened when the temperature was lower or
higher. Precipitation forced female Meadow Pipits to take
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longer sessions and shorter recesses, which corresponds to
their general tendency to give priority to the needs of the
clutch ahead of their own temporary feeding needs.

Keywords Incubation - Anthus pratensis - Weather -
Nest-attentiveness - Mountain environment

Introduction

Although the basic principle of contact (brood patch)
incubation of eggs is generally similar for all the bird spe-
cies utilising it, various bird species and populations differ
in the length of their incubation period, frequency and
duration of incubation sessions or parental sharing of the
care of the clutch (Kendeigh 1952; Skutch 1957; Conway
and Martin 2000a). The behaviour of birds during incuba-
tion can be influenced by many different factors (Deeming
2002); in most cases, this depends on the species, body size,
and activity, as well as on various factors of the environ-
ment—weather, food accessibility and quality, predation,
etc. The incubation of a clutch is more of a challenge in
mountain environments, because it is more difficult to
maintain suitable conditions for embryo development. As in
areas at high latitudes, birds breeding in montane regions
must deal with inclement weather including occasional
snowstorms, cold air temperatures and the possibility of the
loss of food sources or their clutches during bad weather
(Carey 2002). Also, the breeding season is shorter than in
lowland areas, and the amount of time spent by birds in
particular stages of breeding, e.g. the pre-nesting period and
nest building, can be compressed (Morton 1976; Carey et al.
1982). Thus, birds breeding in this environment must very
precisely consider both the demands of the clutch and their
own needs.
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The aim of our study was to examine the incubation
behaviour of a montane breeding bird, the Meadow Pipit
(Anthus pratensis), in which only the female incubates
(Cramp 1988). The Meadow Pipit is a small, monogamous,
ground-nesting passerine that breeds in wet, forest-free areas
including alpine meadows and peat bogs in montane regions
of Central Europe. These montane areas are marked by
severe climates, where weather is variable and temperatures
can change significantly in the course of the day (Migala
et al. 1995). The purpose of our study was to examine how
the incubation behaviour of Meadow Pipits changes through
the day and how it is influenced by temperature and pre-
cipitation. We expected that the foraging needs of Meadow
Pipits should be notably influenced by the time of day,
because they cannot forage during the night due to darkness,
and moreover because temperature decreases significantly
from evening to morning. Temperature changes during the
day should also influence demands on clutch warming. The
clutch needs more intensive warming in the morning and
evening, when the temperature is at its lowest. Similarly,
when the weather is unfavourable (cold, rain, snow), the
needs of the birds and their clutches should change. Under
these circumstances, we would expect that incubating
females should increase their nest-attentiveness, so that they
can protect the clutch from chilling (Haftorn 1988).

Higher nest-attentiveness can be obtained when recess
duration is shortened, session duration is prolonged, or
when these factors are combined. Some species can
increase nest-attentiveness by incubation feeding, where
females are fed by males during incubation. In this situa-
tion, the nest-attentiveness is increased by males, who do
not participate in incubation but supply females with extra
food, helping them to spend more time on the nest (Martin
and Ghalambor 1999). Incubation feeding has been
observed in lowland populations of Meadow Pipits in
Poland (Halupka 1994) and in a related species, the Water
Pipit (A. spinoletta), in the Alps (Rauter and Reyer 1997).
Thus, we predicted that it would also occur in our mountain
population of Meadow Pipits.

Methods
Study area

The data were collected during the breeding seasons 2002—
2005 in the uppermost parts of the Krkonose Mountains
(The Giant Mts.), the Czech Republic (50°44'N,15°41'E),
where Meadow Pipits breed in alpine meadows and peat-
bogs at altitudes from 1,300 to 1,480 m. Alpine and sub-
alpine grass associations with interspersed scrubs of dwarf-
pine (Pinus mugo) and stunted spruce trees (Picea abies)
dominate the area.

@ Springer

Temperature and rainfall

Despite not having extremely high altitude above sea level,
the Krkonose Mountains have a severe mountain climate,
with high precipitation rates and low air temperatures
during the night and often also during the day (frequently
below 6°C during the breeding season—May to August;
see Fig. 1). In general, the temperature mostly varies
between 5 and 20°C, with the minimum in the morning and
evening and the maximum in the afternoon. Rainfall is
common, particularly in the afternoon and in the evening,
but during some periods with extremely bad weather, all-
day rain is common and snowfall sometimes also occurs.
However, due to technical problems with the equipment
and the danger of nest disturbance, we did not record
incubation during the worst weather condition periods,
such as long-lasting intense rainfall, or snowfall.

The meteorological data were collected from two mete-
orological stations located directly within the study area.
Data from the station closer to individual nests were always
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Fig. 1 a Air temperature (mean + SE and range; minimum (square),
maximum (friangle), and b intensity of precipitation (mean £ SE) in
studied localities during the day (during recording days; n = 18)
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used in the analyses. The equipment of both meteorological
stations records actual temperature and the cumulative
amount of precipitation every 15 min. For analysis of the
weather conditions during recording days, we used average
temperature for 1 h and sum of precipitation per hour. For
analysis of the influence of weather on incubation behav-
iour, we used average temperature for every incubation
session or recess and similarly the amount of precipitation.

Nest monitoring

Incubation was recorded by time-lapse video (Mitsubishi
HS-1096), which allows an all-day recording to be made,
regardless of the presence of researchers. The video
recorder, housed in a masked, waterproof box (46 x 38 x
13 cm), was hidden in vegetation approximately 10—-15 m
away from the nest and connected to a camouflaged mini-
camera (75CH HIRES) which was situated on a short
wooden stick placed 1 m from the nest. The system was
powered by a 12 V/40-65 Ah battery.

The recording of different nests started at different times
of the day and lasted for at least 24 h. There was usually no
response from the birds to the installed recording equip-
ment, and incubation typically resumed several minutes
after the camera had been installed (the birds responded
rather to human intrusion). Nevertheless, the first
20-60 min of each recording was not included in the
analysis, to ensure bird habituation.

We collected all-day records from 18 nests which were
in the second half of the incubation period, i.e. from at least
the 7th day of incubation. This limitation was determined
on the basis of other studies, which have often found
unstable incubation rhythms in the first days of incubation
(see Deeming 2002) and because female Meadow Pipits
are very sensitive to disturbance during laying and at the
beginning of incubation (unpublished data). Twenty-four-
hour records were taken for all the nests, except for three
records that were shorter due to technical difficulties.

Statistics

After the recordings were processed, the following vari-
ables characterising incubation behaviour were evaluated:
session and recess duration, nest-attentiveness, length of
active daylight period, night resting period and length of
previous bout (length of previous recess to actual session
and conversely; the word “bout” is used as a general term
for both session and recess). Nest-attentiveness was cal-
culated according to Kendeigh (1952): [mean session
duration/(mean session duration + mean recess dura-
tion)] x 100. The recording of incubation started during
the course of 1 day and ended the next day, so the length of
the daily active period (the part of day between the start of

activity in the morning and the end of activity in the
evening) was derived from the measured length of the night
resting period. This night resting period was calculated as
the time between the last evening arrival to the nest and the
first morning departure from the nest.

The linear mixed model method was used for analysis in
the SAS 9.1 program (SAS Institute 2004). The REML
estimation method was used, and degrees of freedom were
estimated by the Satterwhite method. Two models were
made—with either session duration or recess duration as
the dependent variable. The nest was used as a random
independent variable, and year, daytime, temperature,
presence of precipitation and length of previous bout
(session or recess) were used as fixed independent vari-
ables. Data representing session and recess length and
temperatures were transformed by square root transfor-
mation. STATISTICA 6.1 (StatSoft 2003) was used for
additional analyses and graphic output.

Results
Temperature and rainfall

The temperature varied between 3 and 23°C during
recording days (Fig. 1a). The lowest temperatures around
3°C were recorded in the early morning (0300—
0500 hours), and average temperature was also lowest at
that time (approximately 9°C). During the morning and
early afternoon, the temperature increased, with the max-
imum between 1400 and 1600 hours when the average
temperature was around 14°C and the highest temperatures
reached 23°C. During the evening and night, the temper-
ature decreased to the morning minimum.

The average rainfall intensity during recording days was
between 0.0 and 0.8 mm/h, with the maximum before noon
(1100-1200 hours) and in the late evening (2000—
2200 hours), and minimum in the morning (0700-
1000 hours; Fig. 1b).

Incubation behaviour

We analysed data acquired from approximately 430
recorded hours obtained from 18 nests. The average session
duration of Meadow Pipit females was 19.69 £+ 1.86 min
(mean £+ SE) and average recess duration was 5.53 £
0.40 min (n = 18). Nest-attentiveness during the active
period of the day was 77.19 £ 1.45 % (n = 18). Females
did not leave the nest during the hours of darkness (the
night inactivity of incubating females was also confirmed
by temperature dataloggers; unpublished data).

Females took on average 42.6 + 2.88 recesses and the
time spent off the nest totalled 217.33 £ 14.84 min per day
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Table 1 Influence of variable factors on session and recess duration
of Meadow Pipits (Anthus pratensis) (mixed model)

Sessions Recesses

F value df P value F value df P value
Year 7.69 3,972 <0.001 4.04 3,671 0.007
*Time of day2 4262 1,663 <0.001 39.05 1,671 <0.001
"‘Temperaturez 32.26 1, 664 <0.001 1.85 1,671 0.174
bTemperature - - - 0.11 1,671 0.737
Precipitation  13.31 1,664 <0.001 1529 1,671 <0.001
Previous bout 10.80 1,665 0.001 15329 1, 671 <0.001

# Square functions

® Linear function; this model with a linear function of temperature
was only used only in case there was no significant influence of
temperature on incubation behaviour found in the model with a square
function of temperature

(n = 15). Feeding of the incubating female in the nest by
the male was recorded, but only rarely—only 4 of 18 males
performed sporadic female feeding (always 1 feeding per
day). Significant differences in female incubation behaviour
among nests were not found, either in sessions (Z = 0.56,
P = 0.288) or recesses (Z = ~0, not significant). Marked
variability was found between years—the year significantly
influenced both session and recess duration (Table 1).

From the observed factors that might influence the
behaviour of females, time of day and previous bout
duration had the strongest effect on both sessions and
recesses (Table 1). Nevertheless, the daytime effect on
sessions and recesses was different (see below). The effect
of the previous bout was significant for both sessions and
recesses. Recess duration was strongly and positively
influenced by previous session duration and vice versa: the
longer the previous bout, the longer the next bout was
likely to be.

The influence of temperature on the length of bouts was
detected only during sessions. Within the range of tem-
perature in the study area, session duration was shorter
during low and high temperature range periods and longer
during the middle temperature range periods (approxi-
mately 12-16°C; see Fig. 2). No significant effect of
temperature on recess time was found using either square
or linear temperature functions. The presence of precipi-
tation also had a significant effect on incubation rhythm.
Sessions were longer and recesses were shorter in periods
with precipitation compared to periods without.

Daily pattern of incubation
Activity length

The earliest morning time that females left the nest after the
night period was 03:23:55 a.m., the latest 05:01:22 (CET),
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Fig. 2 Relationship between session duration and air temperature
(n = 685)

with an average of 04:09:10. The latest time that females
returned to the nest before nightfall ranged between
17:10:17 and 20:15:49 p.m., with an average of 19:20:42.
The night period with no activity lasted 8.81 & 0.16 h
(range 7.67-10.23). The length of the daylight active period
was 15.19 + 0.16 h (range 13.77-16.33).

Frequency of incubation

The frequency of incubation varied significantly during the
daylight period (Fig. 3a, b). The average duration of ses-
sions was the longest in the morning and evening, when
females spent more than 27 min on average per session on
the nest (during the morning and evening periods that ran
from 0300 to 0400 and 1800 to 1900 hours, respectively).
The session duration then rapidly decreased between 0700
and 1600 hours (lasting 15 min on average; Fig. 3a) with
the exception of a temporary elongation between 1000 and
1100 hours. A marked decrease in session duration was
observed after 19:00; however, during the late evenings
females left the nest only sporadically.

Recess duration changes during the day followed a
completely different pattern. Except for the earliest inter-
val, the recesses were relatively short in the morning; later,
they were slightly prolonged, and recess duration reached a
peak from around noon to the early afternoon. However,
the differences were small (ranging from 4.5 to 6.4 min).
Recess duration decreased more markedly only in the
evening, when it gradually declined to its shortest daily
level (3.4 min; Fig. 3b).

Due to the changing frequency of sessions and recesses,
the curve representing the average time females spent off
the nest consists of three-phases (Fig. 4). From the begin-
ning of activity in the morning (0300-0500 hours) to
approximately 0700, the total time spent off the nest
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Fig. 3 a Session duration and b recess duration of Meadow Pipits
(Anthus pratensis) during the day (mean + SE). The numbers of
sessions and recesses are given for each hour

increased steadily. It stayed much the same in the period
ranging from 0700 to 1600 hours, and decreased in the
evening. This decrease was steady until the end of activity
late in the night.

Discussion

The basic characteristics of incubation behaviour of the
Meadow Pipit in the Krkonose mountain range were not
markedly different from results shown by other passerines.
Despite the relatively severe climatic conditions, the
average session and recess duration corresponded to values
found in other passerines with uniparental incubation
(Skutch 1962; Conway and Martin 2000a). On the other
hand, nest-attentiveness in the study area was relatively
high (77.19%) in comparison with other studies dealing
with Meadow Pipit incubation. Hotker (1990) found the
nest-attentiveness of the Meadow Pipit to be 68% in Melle

climate, which is, similar to Sweden, more severe than in
most of Central and Western Europe.

Based on our results, it appears that females responded
to the severe conditions in the Central European Krkonose
mountains with increasing nest-attentiveness, but that there
were some differences between the years. There are many
possible causes for this between-year variability. There
were differences in average daily temperatures and the
sums of daily precipitation between years in our locality
(Pavel et al. 2008), and there were also between-year dif-
ferences in predation rate (Svoboda et al. 2007).

In accordance with our predictions, the incubation
behaviour of the Meadow Pipit was strongly influenced by
daily periodicity. The session and recess duration changed
throughout the day, as might be expected, since the needs
of the clutch for warming and the needs of incubating birds
for food change during the course of the day. However,
there were also other factors influencing periodical changes
in incubation behaviour after the influence of temperature
was filtered out. On the basis of other studies, it is possible
to consider, for example, changes in food accessibility for
the foraging parent (e.g. Martin 1987) or the activity of
predators (Conway and Martin 2000a).

The expectation that the female’s behaviour in the
morning and evening hours would be strongly influenced
by night-time periods of low temperatures and no
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possibility to get food (so that females would have to re-
supply their energy reserves in the morning or store energy
reserves for the following night in the evening) was not
confirmed. Only some of the first recesses early in the
morning were relatively long, but this was not the general
trend. At daybreak, some females would occasionally
supply themselves with energy reserves after the night
period, but this tendency was more or less rare. On the
contrary, the longest sessions were observed in the morning
and evening, and the longest recesses in the middle of day.
Thus, the females incubating during the morning and
evening gave priority to the needs of the clutch and
increased nest-attentiveness.

Skutch (1962) presented a similar pattern of daily
activity, with birds spending more time on the nest in the
morning and evening than around midday, particularly with
small flycatchers. Nolan (1978) observed this phenomenon
with the Prairie Warbler (Dendroica discolor). In addition,
a similar trend has been found in some birds incubating
their eggs in arctic conditions, such as the Tree Sparrow
(Spizella arborea) (Weeden 1966) or the White-rumped
Sandpiper (Calidris fuscicollis) (Cantar and Montgomerie
1985). For females incubating in environments with low
night temperatures and marked temperature fluctuations, it
could be advantageous for them to shift their main food
activity from early morning and late evening hours to a
period of the day with more favourable conditions.

When the influence of the time of the day was filtered
out, session time correlated with temperature, whereas
recess time did not. The longest session duration was
observed when the temperature was between 12 and 16°C,
and it was somewhat shorter when the temperature was
above or below this range. Conway and Martin (2000b)
assumed that, when the temperature is lower than the
physiological zero temperature for egg incubation (the
temperature at which embryo development starts, probably
about 26°C; Lundy 1969; Drent 1975; Webb 1987), both
sessions and recesses would be positively correlated to it.
Their reasoning is that females reduce the recess duration if
the temperature is low, which should result in having more
breaks in incubation and correspondingly shorter sessions.
This is likely true in very cold environments, where
females cannot take longer breaks in the incubation
because the eggs would chill quickly, and at the same time
they cannot prolong their sessions at the expense of their
own energy reserves. However, birds that incubate in more
favourable conditions may have sufficient energy reserves
to make longer sessions when the temperature temporarily
declines. We would expect a negative correlation of sub-
optimal temperature and session time under those condi-
tions. Considering recesses, we can assume that when they
are reduced to the minimum necessary time during which a
bird is able to find the minimum of food to restore its
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energy, it is not possible to reduce recesses further, and
thus breaks in incubation would no longer correlate with
decreasing temperature.

The presence of the bird on the open nest also protects
eggs and the interior of the nest against soaking in the rain
and chilling (Elkins 1995). It has been observed that birds
hurry to their nest and cover the eggs when rain begins
(Willis 1961; Skutch 1976; Afton 1980) and nest-atten-
tiveness of open-nesting birds often increases during rain
(Willis 1961; Skutch 1962; Caldwell and Cornwell 1975;
Afton 1980; Morton and Pereyra 1985). In accordance with
these results, precipitation forced Meadow Pipit females to
make longer sessions and shorter recesses during our study.
However, it must be pointed out that due to technical
problems with the equipment and the danger of nest dis-
turbance, we did not record incubation behaviour during
the worst weather condition periods such as long-lasting
intensive rainfall or snowfall, which occasionally occur in
mountain conditions.

Compared to results acquired by Halupka (1994),
incubation feeding in our study area was quite rare. Males
fed the females sitting on the nest only sporadically, and,
based on our observations, we assume that females are not
very often fed even off the nest. Combined with other
results and the findings of Bures et al. (1999) from a similar
mountain locality in the Czech Republic, this may show
that food availability for incubating females was high in
our study area. It has also been shown experimentally that
other bird species, e.g. male Pied Flycatchers (Ficedula
hypoleuca) lowered their intensity of incubation feeding
when food conditions were good (Smith et al. 1989).

We can conclude that the climatic and foraging condi-
tions in the Krkonose Mountains in Central Europe are
suitable for the successful incubation of well-adapted bird
species. The Meadow Pipit is well adapted to this envi-
ronment and is able to temporarily adjust its incubation
behaviour to the often severe mountainous conditions in
Central Europe.

Zusammenfassung

Das Brutverhalten des Wiesenpiepers (Anthus
pratensis) in einem alpinen Okosystem in Mitteleuropa

Das Brutverhalten des Wiesenpiepers wurde in Bezug auf
Tageszeit und Witterungsverhéltnisse unter Gebirgsbe-
dingungen in Mitteleuropa (Krkonose-Berge in Tschechien)
untersucht. Mit Hilfe eines Zeitraffer-Videorekorders und
einer Minikamera wurde das Inkubationsverhalten fiir
jeweils 24 h aufgenommen. Dann wurde der Einfluss von
Jahr, Nest, Tageszeit, Temperatur, Niederschlag und friih-
erer Runden auf Brut- und Unterbrechungsdauer analysiert.
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Das Bebriitungsverhalten des Wiesenpiepers unterschied
sich generell nicht von dem anderer kleiner Singvogelarten,
bei denen allein das Weibchen briitet. Trotz relativ kalter
klimatischer Bedingungen vor Ort stimmte die mittlere
Brut- und Unterbrechungsdauer (19,69 und 5,53 Minuten)
und die Anwesenheitswahrscheinlichkeit am Nest (77,19%)
mit Werten tiberein, die meistens auch bei anderen Arten
ermittelt wurden. Dennoch lag die Bebriitungsintenstitét
beziiglich der Anwesenheitswahrscheinlichkeit am Nest bei
den Wiesenpiepern im Untersuchungsgebiet hoher, als
bei anderen untersuchten Populationen dieser Art. Das
Bebriitungsverhalten war stark von der Tageszeit be-
einflusst — die briitenden Weibchen erhdhten ihre
Anwesenheitswahrscheinlichkeit wihrend der Morgen- und
Abendstunden. Nachdem der Faktor Tageszeit heraus ge-
rechnet war, ergab sich ein Einfluss der Temperatur nur auf
die Bebriitungsphasen (nicht auf die Bebriitungspausen).
Die Bebriitungsphasen waren am ldngsten, wenn die
Lufttemperatur 12-16°C betrug und verkiirzten sich, wenn
die Temperatur niedriger oder hoher lag. Nieder-
schlagsereignisse veranlassten die Wiesenpieperweibchen
zu lingeren Bebriitungsphasen und kiirzeren Pausen, was
mit deren allgemeiner Tendenz zusammenhingt, den Erfor-
dernissen des Geleges eine hohere Prioritit einzurdumen, als
ihren eigenen momentanen Nahrungsbediirfnissen.
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Does the threat to the nest affect the incubation rhythm in a small passerine?
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Olomouc, the Czech Republic

Abstract

Nest predation is a crucial factor influencing breeding success in birds. One possible way to
protect nests is to modify parental activity in the vicinity of the nest. Here, we provide
experimental evidence for an adjustment of incubation pattern during periods when there is an
increased risk of nest predation in a small passerine. We compared the behaviour of incubating
meadow pipit (Anthus pratensis) females during presentations of stuffed dummies of a nest
predator (the magpie Pica pica), a harmless intruder (the crossbill Loxia curvirostra) and during an
undisturbed control incubation period. Females significantly decreased their activity in the
presence of the nest predator. Specifically, after being flushed out they returned to the nest later
and moved to and from the nest less than when the harmless intruder was present. These results
document the ability of birds to assess nest predation risk and adjust their appropriate incubation
strategy.
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nest activity, nest predation, antipredator behaviour, parental care, incubation

Introduction

Nest predation is generally the most frequent and most important cause of breeding failure in
birds (Lack 1954, Nolan 1963, Ricklefs 1969, Martin 1993, 1995). The birds should be able to
assess nest predation risk and adjust their behaviour and reproductive strategy (Slagsvold 1984,
Martin 1995, Fontaine & Martin 2006). In the environment with greater risk of nest predation,
they could reduce investment in current clutches (clutch size or mass, intensity of parental care)
in favour of future breeding (Bulmer 1984, Slagsvold 1984, Fontaine & Martin 2006) or adjust
their behaviour to protect current clutch. Various strategies to protect eggs or nestlings from
predation have evolved under strong predation pressure, ranging from the selection of safe place
for nest building (Collias & Collias 1984, Hansell 2000, Liebezeit & George 2002, Forstmeier &
Weiss 2004) or living in groups (Wiklund & Andersson 1994, Rolland et al. 1998, Serrano et al.
2001), through different types of concealment for parents, nest, eggs or nestlings (Norment 1993,
Gotmark et al. 1995, Slagsvold et al. 1995, Howlett & Stutchbury 1996, Weidinger 2001, 2002), to
the active defence of nests by attacking or distracting predators (Montgomerie & Weatherhead
1988, Lima 2009).

Modifying the incubation rhythm and reducing activities around the nest are two possible
methods of protecting the nest from predation. Reducing the frequency of visits to the nest
decreases the risk of predators locating the nest (Weathers and Sullivan 1989, Norment 1995,
Ghalambor & Martin 2000, 2001, Conway & Martin 2000a, Martin et al. 2000, Eggers et al. 2005,
Muchai & du Plessis 2005). Further, the presence of a parent bird at the nest can deter some nest
predators or brood parasites — parents can guard the nest (Norton 1972, Thompson and Raveling
1987, Komdeur & Kats 1999, Samelius & Alisauskas 2001, Schmidt & Whelan 2005) or even
physically attack intruders (Curio 1975, Dale et al. 1996, Larsen et al. 1996, Grim 2005, 2008). The
responses of nest owners vary greatly and depend on the identity of the predators (type of
predator, size, method of orientation and hunting); the same bird should respond differently to
different predators and different birds often react differently to the same predator (see
Montgomerie & Weatherhead 1988, Ghalambor & Martin 2001, 2002, Caro 2005, Massaro et al.
2008).



Previous studies have been primarily aimed at investigating active nest defence behaviour
against predators (Caro 2005). Evidence of the influence of predator presence on the activity of
parents at the nest has been rare, and has mainly been obtained during nestling period
(Ghalambor & Martin 2001, Eggers et al. 2005, 2008) or on the basis of feeding frequencies by
males to incubating females (Ghalambor & Martin 2000, 2002). Here, we experimentally
examined the effects of the presence of a common visually-oriented nest predator on the
incubation behaviour of a small passerine. We chose to study meadow pipits (Anthus pratensis), a
small (18 g), monogamous, ground-nesting passerine in which only the female incubates (Cramp
1988). Feeding of the incubating female in the nest by the male is very rare at our study site
(Kovarik et al. 2009). Thus, all incubation is done by females, who must very carefully consider
both the demands of the clutch and their own needs.

We expected that the presence of a nest predator in the vicinity of a nest would influence
the meadow pipit female’s incubation behaviour. Female should balance the thermoregulatory
requirements of the eggs with the attempt to avoid revealing the nest location and she should
reduce the number of movements to and from the nest in the presence of nest predator. We also
predicted that female would prolonge the latency before returning to the nest after the
appearance of a predator, because the chance that the predator could go away increases with
time (also according to optimal foraging strategy; Charnov 1976). To test these hypotheses, we
compared the activity of incubating females in the presence of a nest predator (the magpie Pica
pica) and in the presence of a harmless species (the crossbill Loxia curvirostra). Both species are
often seen at our study site and represent good models for our investigation. Magpies prefer
invertebrates as the main food during breeding season and occasionally feed on eggs and
nestlings of other birds (Cramp 1994) but they do not represent real predator of adult birds.
Crossbills feed on seeds or invertebrates and could be presented as control species. As an
additional control, we recorded female activity during undisturbed incubation periods.

Methods

The experiments were performed during the breeding seasons 2003 and 2004 in the uppermost
parts of the Krkonose Mountains (The Giant Mts.), the Czech Republic (50°44'N, 15°41'E).
Meadow pipits in this area breed in alpine meadows and peat-bogs at altitudes from 1300 to
1480 m (see Kovarik et al. 2009).

The incubation rhythm was recorded by Onset Hobo data loggers connected to two
temperature probes. Data loggers were installed at least one day before experiments in a small
camouflaged box, hidden in vegetation 1 m away from the nests. One temperature probe,
connected to the data logger by a camouflaged cable, was inserted into the inner layer of each
nest and recorded the temperature in the nest cup, specifically changes in the temperature after
initiation or termination of incubation session (incubation rhythm). The second probe was placed
1-2 m from the nest on a short, wooden pin covered with a small camouflaged cup (to protect
against direct solar radiation) and recorded air temperature (microclimate around the nests).
Temperatures were recorded in 1 minute intervals, a frequency sufficient for the analysis of
incubation rhythm.

All experiments were done in the morning (between 4:00 and 11:00 CET). First, we
recorded nests for 90 min (a pre-presentation control period as described by Ghalambor and
Martin 2001). We then performed experiments with stuffed magpie and crossbill dummies (in
random order). The dummies were placed 30 m away from the nest on a 1 m high pole. This 30 m
distance was chosen based on the results of preliminary experiments: If dummies were < 30 m
from a nest, there was a risk that some females completely stopped incubation. On the other
hand, if the dummies were further away, many trees and shrubs often covered the direct view of
the dummy from the nest, and females’ responses were sometimes very weak. The presentation
of the dummy was accompanied with a playback recording of the call of the appropriate intruder
species. Every dummy presentation (magpie or crossbill) lasted 90 min, with a 60 min break in



between (following Ghalambor and Martin 2001). At the beginning of each experiment, each nest
was checked and the female flushed out. Then, we left the vicinity of the nest to avoid disturbing
the nest owners. Female incubation behaviour was not observed directly, but deduced from
changes in the nest temperature recorded by the data logger (Conway & Martin 2000b, Joyce et
al. 2001). Distinctive changes in temperature were visible when female left the nest and, vice
versa, when returned to the nest and started new on-bout (incubation session).

We collected data from 13 nests (4 nests in season 2003 and 9 in 2004) which were
examined in the later phase of the incubation period, i.e., between 5th and 12th day of incubation
(other studies have often found unstable rhythms in the first days of incubation, see Deeming et
al. 2002). We evaluated variables characterising incubation behaviour and the risks taken by
females — time to the first return of the female to the nest after flushing out (latency to return),
the number of breaks in the incubation and the average length of on-bouts and off-bouts. The
final on-bout or off-bout which crossed the 90-min experimental period threshold were excluded
from analyses.

We fitted general linear mixed models with nest identity as a random factor and
treatment (control, magpie, crossbill), daytime, ambient temperature (mean outside temperature
during the experiment), clutch size, nest age (from the start of incubation), date, and year as fixed
effects. Temperature positively increased with daytime (slope = 0.84 *+ 0.31, t;; = 2.70, P = 0.01).
To avoid multicollinearity (Graham 2003) we used residuals from a regression of temperature on
daytime (instead of original temperature values), thus, removing any correlation between the two
predictors. The date of experiment was centred by the median experimental date within each
year. The REML estimation method was used, and degrees of freedom were estimated by the
Kenward—Roger method. We fitted separate models with the following dependent variables: (1)
latency to return (minutes), (2) number of incubation breaks, (3) mean on-bout length (minutes),
and (4) mean off-bout length (minutes). We selected final models (minimal adequate models)
based on the backward elimination of nonsignificant variables (at conventional a=0.05). Test
statistics (F-values) and P-values reported in Results for non-significant terms are from the
backward elimination procedure just before the particular term (being the least significant) was
removed from the model. Values for significant factors are from the final model. Differences in
the effects of treatments were calculated as least square mean differences (Tukey HSD, a=0.05).
All analyses were done in ime software (SAS Institute Inc 1995).

Results

After being flushed by the observer, the return of females to the nest depended on the type of
nest intruder (treatment effect; F,1,0 = 6.08, p = 0.030). As predicted, latency to return was
significantly longer in the presence of the magpie than the crossbill (Fig. 1a). The latency to return
was not significantly affected by daytime, temperature, clutch size, nest age, date or year, and
these variables were therefore removed from the final model.

The treatment (control, crossbill, or magpie) significantly affected the number of off-
bouts (F;25 = 6.90, p = 0.004). Females reduced the number of off-bouts from their nest in the
presence of the magpie when compared to the presence of the crossbill or during the control. The
numbers of off-bouts during the control and in the presence of crossbill did not differ (Fig. 1b).
Among the other variables that might have influenced female behaviour (time of day,
temperature, clutch size, nest age, date and year), only time of day had a significant effect on the
number of off-bouts, with off-bout numbers increasing during the morning hours (F,,,;=4.56, p =
0.042).

The duration of on-bouts was influenced by daytime, decreasing during the morning
hours (F;,70 = 10.20, p = 0.004), and by treatment (F,2., = 5.14, p = 0.014). On-bout durations in
the presence of the magpie were longer than in the control period, but on-bout duration in the
presence of the crossbill did not significantly differ from either the magpie or control durations
(Fig. 2a). Off-bouts were significantly influenced by treatment (F,,ss = 4.88, p = 0.016), with off-



bouts in the presence of magpie longer than in the presence of the crossbill or during the control
(Fig. 2b), and by temperature (F1307 = 4.51, p = 0.042), where a positive correlation was found (off-
bout duration increased with increasing temperature).

In final analyses we separately added each dropped non-significant term (see above) back
to the minimal model. This procedure did not change the results of the backward elimination
procedure — the effects of all removed terms were again non-significant (all P > 0.10).

Discussion

We found that incubating meadow pipit females adjusted their activity in the vicinity of their
nests according to the immediate risks of nest predation. Birds responded to the presence of the
nest predator by returning to the nest later and by reducing the number of off-bouts compared to
when a harmless intruder was present. They performed longer on-bouts and longer off-bouts
when the magpie was present, and so the absolute number of off-bouts decreased in comparison
to the presence of the harmless crossbill.

Reductions in parental activity (e.g. off-bouts, incubation feeding, feeding of nestlings) in
response to higher predation risk has also been recorded in other studies involving different bird
species (see Montgomerie & Weatherhead 1988, Conway and Martin 2000, Strickland & Waite
2001, Caro 2005, Raihani et al. 2010). However, most of these studies indirectly evaluated
predation risk through predation rate in local bird populations. Experimental evidence of direct
influences of predator presence on parental nest activity is much scarcer. Ghalambor & Martin
(2000, 2002) found a decrease in feeding frequency by males to incubating females in response to
predator presence for several hole-nesting passerine species. These same authors also reported
decreased nestling feeding frequency in the presence of predator in 10 bird species breeding in
North and South America (Ghalambor & Martin 2001). Eggers et al. (2005, 2008) found that the
Siberian jay (Perisoreus infaustus) breeding in territories with high predation pressure decreased
the number of feeding visits during the part of day when nest predators are most active, and that
the frequency of feeding visits depended on the interaction of 3 factors: predator activity, nest
concealment, and food availability. PoZgayova et al. (2009) found that blackcaps (Sylvia
atricapilla) prolonged the time to first return to the nest after short presentation of dummy of jay
(Garrulus glandarius) and nest attendance after removal of dummy decreased.

Reducing the number of off-bouts minimises the number of movements to and from the
nest, and thus reduces the probability of revealing the nest location to visually oriented predators
(e.g., Martin et al. 2000). Further, a delayed return to the nest after flushing can increase the
probability that the predator will leave the nest vicinity (in accordance with optimal foraging
theory - Charnov 1976) and reduce the possibility of disclosing the nest. Such a strategy could be
particularly useful in the presence of visually oriented predators and when parents cannot chase
or distract the predator away (e.g., parents are too small and/or unarmed; see Montgomerie &
Weatherhead 1988). On the contrary, the presence of an incubating or guarding parent
sometimes positively affects clutch survival, especially when parents are capable of effective
defences against particular predators (Norton 1972, Thompson & Raveling 1987, Komdeur & Kats
1999, Samelius & Alisauskas 2001). The long off-bouts in our study indicate that meadow pipits
have a tendency to not stay and defend their nests in the presence of magpies. Similarly, Bures &
Pavel (2003) found that meadow pipits feeding their nestlings behaved inconspicuously in the
presence of the visually oriented raven (Corvus corax), neither visiting nor defended their nests.

The effects of time of day and temperature (in the case of off-bout duration) on
incubation are in accordance with our previous findings on meadow pipit breeding in mountain
conditions (Kovatik et al. 2009). In that study, the time of day was also one of the most important
factors influencing incubation, and trends in the incubation rhythm during morning hours were
the same as in the present study. Interestingly, in the same study (Kovarik et al. 2009), where
undisturbed incubations were examined, ambient temperature only influenced on-bout duration.
In contrast, in the present study temperature only affected off-bout duration (all experiments and



undisturbed incubation considered together). This suggests an upper limit for optimal off-bout
length which is not exceeded during undisturbed conditions, so that there is no significant effect
of temperature on off-bout duration in these conditions (i.e., even in good temperature
conditions incubating birds do not increase the length of off-bouts over this optimal level). But
when off-bouts are prolonged due to predation risk, temperature could become more important
and could influence the length of off-bouts significantly (i.e., incubating birds could prolong the
off-bout length over the optimal level more in favourable temperature conditions than in bad
conditions). Nevertheless, our results did not support this assumption — there was no
treatment*temperature interaction effect on off-bout duration.

In conclusion, our results provide experimental evidence that birds respond to increased
nest predation risk by reducing their activity close to the nest. We suppose that meadow pipits,
which are most likely unable to successfully deter or distract large bird predators (e.g., corvids)
after such predators identify the nest location (Bures & Pavel 2003), choose an alternative
strategy — reducing their activity in the vicinity of the nest.

Acknowledgements

We would like to thank Bohumir Chutny and Ale$ Svoboda for help with the fieldwork, Tomas
Grim for his assistance with statistical analysis and many useful suggestions, as well as Stanislav
Bure$S and anonymous referees for their helpful comments on the manuscript, and David
Hardekopf for revising the English version. We would also like to thank the Krkonose National
Park Administration and the mountain cottages Labskd bouda and Luc¢ni bouda for their
cooperation and assistance. This research was supported by the grant MSM 6198959212 and
complied with the current laws of the Czech Republic.

Literature Cited

Bulmer, M. G. 1984: Risk avoidance and nesting strategies. J. Theor. Biol. 106, 529-535.

Bures, S. & Pavel, V. 2003: Do birds behave in order to avoid disclosing their nest site? Bird Study
50, 73-77.

Caro, T. 2005: Antipredator defenses in birds and mammals. University of Chicago Press, Chicago.

Charnov, E. L. 1976: Optimal foraging, marginal value theorem. Theor. Popul. Biol. 9, 129-136.

Collias, N. E. & Collias, E. C. 1984: Nest building and bird behavior. Princeton University Press,
Princeton.

Conway, C. J. & Martin, T. E. 2000a: Evolution of passerine incubation behavior: influence of food,
temperature, and nest predation. Evolution 54, 670-685.

Conway, C. J. & Martin, T. E. 2000b: Effects of ambient temperature on avian incubation
strategies: a model and test. Behavioral Ecology 11: 178-188.

Cramp, S. (ed.) 1988: Handbook of the birds of Europe, the Middle East, and North Africa. The
birds of the western Palaearctic. Volume V: Tyrant flycatchers to thrushes. Oxford University
Press, Oxford.

Cramp, S. (ed.) 1994: Handbook of the birds of Europe, the Middle East, and North Africa. The
birds of the western Palaearctic. Volume VIII: Crows to finches. Oxford University Press, Ox-
ford.

Curio, E. 1975: The functional organization of anti-predator behaviour in the pied flycatcher: a
study of avian visual perception. Anim. Behav. 23, 1-115.

Dale, S., Gustavsen, R. & Slagsvold, T. 1996: Risk taking during parental care: a test of three hypo-
theses applied to the pied flycatcher. Behav. Ecol. Sociobiol. 39, 31-42.

Deeming, D. C. (ed.) 2002: Avian incubation: behaviour, environment, and evolution. Oxford Uni-
versity Press, Oxford.

Eggers, S., Griesser, M. & Ekman J. 2005: Predator-induced plasticity in nest visitation rates in the
Siberian jay (Perisoreus infaustus). Behav. Ecol. 16, 309-315.



Eggers, S., Griesser, M. & Ekman, J. 2008: Predator-induced reductions in nest visitation rates are
modified by forest cover and food availability. Behav. Ecol. 19, 1056-1062.

Forstmeier, W. & Weiss, I. 2004: Adaptive plasticity in nest-site selection in response to changing
predation risk. Oikos 104: 487-499.

Ghalambor, C. K. & Martin, T. E. 2000: Parental investment strategies in two species of nuthatch
vary with stage-specific predation risk and reproductive effort. Anim. Behav. 60, 263-267.
Ghalambor, C. K. & Martin, T. E. 2001: Fecundity-Survival Trade-Offs and Parental Risk-Taking in

Birds. Science 292, 494-497.

Ghalambor, C. K. & Martin, T. E. 2002: Comparative manipulation of predation risk in incubating
birds reveals variability in the plasticity of responses. Behav. Ecol. 13, 101-108.

Gotmark, F., Blomgvist, D., Johansson, O. C. & Bergkvist, J. 1995: Nest site selection: a trade-off
between concealment and view of the surroundings? J. Avian Biol. 26, 305—-312.

Graham, M. H. 2003: Confronting multicollinearity in ecological multiple regression. Ecology 84,
2809-2815.

Grim, T. 2005: Host recognition of brood parasites: implications for methodology in studies of
enemy recognition. Auk 122, 530-543.

Grim, T. 2008: Are blackcaps (Sylvia atricapilla) defending their nests also calling for help from
their neighbours? J. Ornithol. 149, 169-180.

Hansell, M. 2000: Bird nests and construction behaviour. Cambridge Univ. Press, Cambridge.

Howlett, J. S. & Stutchbury, B. J. 1996: Nest concealment and predation in hooded warblers:
Experimental removal of nest cover. Auk 113, 1-9.

Joyce E. M,, Sillett T. S. & Holmes R. T. 2001: An inexpensive method for quantifying incubation
patterns of open-cup nesting birds, with data for Black-throated Blue Warblers. J. Field
Ornithol. 72, 369-379.

Komdeur, J. & Kats, R. K. H. 1999: Predation risk affects trade-off between nest guarding and
foraging in Seychelles warblers. Behav. Ecol. 10, 648-658.

Kovafik, P., Pavel, V. & Chutny, B. 2009: Incubation behaviour of the Meadow Pipit (Anthus
pratensis) in an alpine ecosystem of Central Europe. J. Ornithol. 150, 549-556.

Lack, D. 1954: The natural regulation of animal numbers. London, Oxford University Press.

Larsen, T., Sordahl, T. A. & Byrkjedal, I. 1996: Factors related to aggressive nest protection
behaviour: a comparative study of Holarctic Waders. Biol. J. Lin. Soc. 58, 409-439.

Liebezeit, J. R. & George, T. L. 2002: Nest predators, nest-site selection, and nesting success of the
Dusky Flycatcher in a managed ponderosa pine forest. Condor 104, 507-517.

Lima, S. L. 2009: Predators and the breeding bird: behavioral and reproductive flexibility under the
risk of predation. Biol. Rev. 84, 485-513.

Martin, T. E. 1993: Nest predation among vegetation layers and habitat types: revising the
dogmas. Am. Nat. 141, 897-913.

Martin, T. E. 1995: Avian life history evolution in relation to nest sites, nest predation and food.
Ecol. Monogr. 65, 101-127.

Martin, T. E. & Ghalambor, C. K. 1999: Males Feeding Females during Incubation. |. Required by
Microclimate or Constrained by Nest Predation? Am. Nat. 153, 131-139.

Martin, T. E., Martin, P. R., Olson, C. R., Heidinger, B. J. & Fontaine, J. J. 2000: Parental Care and
Clutch Sizes in North and South American Birds. Science 287, 1482-1485.

Martin, T. E., Scott J. & Menge, C. 2000: Nest predation increases with parental activity:
separating nest site and parental activity effects. Proc. R. Soc. Lond. B 267: 2287-2294.

Massaro, M., Starling-Windhof, A., Briskie, J. V. & Martin, T. E. 2008: Introduced mammalian pred-
ators induce behavioural changes in parental care in an endemic New Zealand Bird. PLoS ONE
3, e2331.

Montgomerie, R. D. & Weatherhead, P. J. 1988: Risks and rewards of nest defence by parent
birds. Q. Rev. Biol. 63, 167-187.

Muchai, M. & du Plessis, M. A. 2005: Nest predation of grassland bird species increases with
parental activity at the nest. J. Avian Biol. 36, 110 — 116.



Nolan, V. Jr. 1963: Reproductives success of birds in a deciduouss srub habitat. Ecology 44, 305-
313.

Norment, C. J. 1993: Nest-site characteristics and nest predation in Harris’s Sparrows and White-
crowned Sparrows in the Northwest Territories, Canada. Auk 110, 769-777.

Norment, C. J. 1995: Incubation Patterns in Harris' Sparrows and White-Crowned Sparrows in the
Northwest Territories, Canada. J. Field Ornithol. 66, 553-563.

Norton, D. W. 1972: Incubation Schedules of Four Species of Calidridine Sandpipers at Barrow,
Alaska. Condor 74, 164-176.

PoZgayovd, M., Prochdazka, P. & Honza, M. 2009: Adjustment of incubation according to the threat
posed: a further signal of enemy recognition in the Blackcap Sylvia atricapilla? J. Ornithol.
150, 569-576.

Raihani, N. J., Nelson-Flower M. J., Moyes K., Browning L. E. & Ridley A. R. 2010: Synchronous
provisioning increases brood survival in cooperatively breeding pied babblers. J. Anim. Ecol.
79: 44-52.

Ricklefs, R. E. 1969: An analysis of nesting mortality in birds. Smithson. Contrib. Zool. 9, 1-48.

Rolland, C., Danchin, E. & de Fraipont, M. 1998: The evolution of coloniality in birds in relation to
food, habitat, predation, and life-history traits: A comparative analysis. Am. Nat. 151, 514-
529.

Samelius, G. & Alisauskas, R. T. 2001: Deterring arctic fox predation: the role of parental nest
attendance by lesser snow geese. Can. J. Zool. 79, 861-866.

Schmidt, K. A. & Whelan, C. J. 2005: Quantifying male Wood Thrush nest-attendance and its
relationship to nest success. Condor 107, 138-144.

Serrano, D., Tella, J. L., Forero, M. G. & Dondzar, J. A. 2001: Factors affecting breeding dispersal in
the facultatively colonial lesser kestrel: individual experience vs. conspecific cues. J. Anim.
Ecol., 70, 568-578.

Skutch, A. E. 1949: Do tropical birds rear as many young as they can nourish? Ibis 91, 430-455.

Slagsvold, T. 1984: Clutch size variation of birds in relation to nest predation: on the cost of
reproduction. J. Anim. Ecol. 53, 945-953.

Slagsvold, T., Dale, S. & Kruszewicz, A. 1995: Predation favours cryptic coloration in breeding male
pied flycatchers. Anim Behav 50, 1109-1121.

Strickland, D. & Waite, T. A. 2001: Does initial suppression of allofeeding in small jays help to
conceal their nests? Can. J. Zool. 79, 2128-2146.

Thompson, S. C. & Raveling, D. G. 1987: Incubation behavior of emperor geese compared with
other geese: Interactions of predation, body size, and energetics. Auk 104, 707-716.

Weathers, W. W. & Sullivan, K. A. 1989: Nest attentiveness and egg temperature in the yellow-
eyed junco. Condor 91, 628-633.

Weidinger, K. 2001: Does egg colour affect predation rate on open passerine nests? Behav. Ecol.
Sociobiol. 49, 456-464.

Weidinger, K. 2002: Interactive effects of concealment, parental behaviour and predators on the
survival of open passerine nests. J. Anim. Ecol. 71, 424-437.

Wiklund, C. G. & Andersson, M. 1994: Natural selection of colony size in a passerine bird. J. Anim.
Ecol. 63, 765-774.



Table 1: Minimal adequate model and removed predictors for latency to return and number of

off-bouts per hour (mixed model)

Minimal adequate model

Latency to return

Number of off-bouts per hour

F df p F df p
Treatment 6.08 1,12.0 0.030 6.90 2,24.5 0.004
Daytime - - - 4.56 1,27.7 0.042
Removed predictors
Nest age 2.29 1,11.0 0.158 0.91 1,11.0 0.361
Date 2.20 1,10.0 0.169 0.41 1,11.0 0.537
Temperature 0.29 1,12.5 0.600 0.74 1,225 0.399
Daytime 0.28 1, 15.7 0.607 - - -
Clutch size 0.05 1,83 0.822 0.14 1,8.8 0.713
Year 0.02 1,7.3 0.895 0.02 1,7.7 0.899

Table 2: Minimal adequate model and removed predictors for on-bout duration and off-bout
duration (mixed model)

Minimal adequate model On-bout duration Off-bout duration

F df p F df p
Daytime 10.20 1,27.0 0.004 - - -
Treatment 5.14 2,24.2 0.014 8.27 2,24.1 0.002
Temperature - - - 6.35 1,28.4 0.018
Removed predictors
Nest age 3.23 1,10.8 0.101 0.95 1,9.8 0.353
Clutch size 0.68 1,9.8 0.428 0.09 1,7.9 0.769
Temperature 0.26 1, 21.6 0.617 - - -
Date 0.05 1,9.6 0.832 1.82 1,13.1 0.200
Year 0.01 1,7.6 0.931 0.12 1, 8.8 0.742
Daytime - - - 0.40 1, 25.7 0.533




Fig. 1: (a) Time from flushing a female to the first return to the nest (latency to return; mean * SE)
and (b) number of off-bouts per hour (mean £ SE) in experiments with magpie (1a, b), crossbill
(1a. b) and during pre-presentation control periods (1b; n = 13). “*” indicates statistical
significance (P < 0.05).
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Fig. 2: (a) On-bout duration (mean % SE) and (b) off-bout duration (mean + SE) in experiments
with magpie, crossbill and during pre-presentation control periods (n = 13). “*” indicates
statistical significance (P < 0.05).
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Abstract

Distraction displays to a human were studied in the Meadow Pipit (Anthus
pratensis) females in Central (Jeseniky Mountains—Czech Republic; 50°N 17°E)
and Northern European mountains (Tydal area—Central Norway; 63°N 12°E)
between 1995 and 1998. Three risk-dependent variables were scored and we found
that flushing and settling distances of pipit females decreased with increasing
intensity of display both in the Central and the Northern Europe locations. Paren-
tal risk taking did not markedly differ between studied populations, although, in
particular, larger brood size and reduced opportunity to re-nest should contribute
to a higher intensity of nest defence in the Northern than in the Central European
mountains. Moreover, the level of risk taken was not significantly dependent on
the air temperature, age of brood and brood size in both study areas, when com-
pared separately. These results do not support the findings of most previous stu-
dies on nest defence in birds. Possible causes of our contradictory results are
discussed with respect to the reproductive value and the feedback hypotheses.

Corresponding author: Vaclav Pavel, Laboratory of Ornithology, Palacky
University, Svobody 26, 771 46 Olomouc, Czech Republic. E-mail: pavel@
prfnw.upol.cz

Introduction

Predation is often the major cause of nesting failure in altricial birds (Ricklefs
1969). Amongst the most threatened are ground nesting birds of open habitats
whose nests are particularly vulnerable to predation (Ricklefs 1969; Martin 1993).
Birds can minimize nest predation by making the nest less conspicuous and less
accessible or by defending their nests against predators (Barash 1975; Montgom-
eric & Weatherhead 1988). Brood defence of some ground nesting species, both

U. S. Copyright Clearance Center Code Statement: 0179-1613/2000/10611-1007$15.00/0
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precocial and altricial, includes various distraction displays (Armstrong 1954; Sim-
mons 1955; Sordahl 1990) during which the parents characteristically vocalize,
feign injury and attempt to lure predators away from their clutch or brood (Hud-
son & Newborn 1990). Although distraction displays appear to contribute to the
greater risk of performing birds, from an evolutionary perspective, the benefit of
saving the current brood should be greater than the risk taken (Montgomerie &
Weatherhead 1988; McLean & Rhodes 1992).

In accordance with the parental investment theory (Clutton-Brock 1991)
there is some evidence that brood defence in altricial birds increases with clutch or
brood age as the brood becomes more valuable (reproductive value hypothesis:
Patterson et al. 1980; Biermann & Robertson 1981; Redondo & Carranza 1989)
and more endangered by predation (predation risk hypothesis: Greig-Smith 1980),
or with clutch or brood size as parental investment increases (Robertson & Bier-
mann 1979; Knight & Temple 1986; Wiklund 1990). The feedback hypothesis
(McLean & Rhodes 1992) gives an explanation of parental responses based on
proximate mechanisms. It suggests that the pattern of responses (including nest
defence activities) is influenced by the feedback signals provided by current con-
tent of the nest. Parent birds should defend more intensively, alive, bigger, older or
numerous nestlings that provide more feedback signals than less numerous,
younger nestlings or even motionless eggs. Although parental investment theory
and the feedback hypothesis are based on different explanatory levels, nest defence
in altricial birds should increase with increasing age and size of brood under the
predictions of both of these hypotheses. Moreover, both hypotheses predict more
intensive nest defence during the nestling period, when nest content provide more
feedback signals and parental investments rapidly increase by feeding the nest-
lings, than in the incubation period (Andersson et al. 1980; Weatherhead 1989;
Gill & Sealy 1996).

In this study we present data on distraction displays in meadow pipit (Anthus
pratensis) females that have not been previously studied in detail. In accordance
with predictions of the hypotheses referred to above, we studied the influence of
clutch age, clutch size and phase of the breeding cycle (incubation vs. nestling
phase) on distraction displays in meadow pipit females. The influence of air tem-
perature on meadow pipit behaviour was also included in the analysis to control
for its potentially confounding effect (Dale et al. 1996).

The risk of parents defending the nest is assumed to increase rapidly as they
get closer to the potential predator, and become more accessible and vulnerable to
him (Montgomerie & Weatherhead 1988). A shorter distance to the predator also
allows the distracting parent to attract the predator’s attention more effectively.
We supposed that in the case of the meadow pipit, a risk taken by a female luring
an intruder from the nest should be described by three behavioural variables: (a)
intensity of display; (b) flushing distance; and (c) settling distance. We expected
that increasing the intensity of distraction displays will decrease flushing and set-
tling distances of the meadow pipit females.

The risk taken by a flushed bird can be influenced by different reproductive
strategies used by a species in geographically distant areas with different condi-
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tions (Williamson 1952; Hudson & Newborn 1990). Therefore, we studied varia-
bility in distraction displays between populations of meadow pipit in Central Eur-
ope and in Central Norway.

Methods

The meadow pipit is a small passerine species that breeds on the ground in
open habitats in middle and upper latitudes of the western Palearctic. Females lay
3—7 eggs (number increases with latitude, Bahus 1993) and incubate for 13 d whilst
being occasionally fed by males. Nestlings are cared for and fed by both parents
for 13d in the nest and with decreasing intensity for about 1-2 wks after fledging.
Disturbed or threatened nestlings can leave the nest earlier (Halupka 1998; own
unpubl. data).

The study was carried out on alpine meadows of Mt Vysoka Hole and Mt Pet-
rovy Kameny in the Jeseniky Mountains, Czech Republic (50°N, 17°E; 1400-1460
m above sea level) between 1995 and 1998, and in an alpine ecosystem near Tydal,
Ser Trondelag province, Central Norway (63°N, 12°E; 730-950 m above sea level)
in 1996 and 1998. Both study areas represented alpine habitat with similar vegeta-
tion cover and location of the nests. The meadow pipit was the most abundant
bird species with density of about 1 breeding pair per hectare in both study areas.
The most important nest predators in both study areas were ravens (Corvus
corax), stoats (Mustela erminea) and microtine rodents (Bures 1997; own unpubl.
data).

We searched for nests by walking systematically through the areas. The nests
were usually found after flushing the incubating bird or by observing a bird return-
ing to its nest with food. The located nests were marked with a plastic band (1 x
20 cm) which was fixed 2-5m away from the nest on a tree or shrub. The nests
were checked regularly, every 2-3d up to fledging to determine the hatching day
and fate of the nest. The majority of the nests were found during incubation or
early after nestlings had hatched. The age of the nestlings was determined accord-
ing to either the day of hatching or nestlings’ weights (day when the last egg was
laid is day 0, hatching day is day 13; Coulson 1956).

Distraction displays were recorded in response to the brood disturbance
caused by an approaching researcher. The researcher directly approached the nest
entrance until the female left the nest. In case of the meadow pipit, only females
incubate eggs or young nestlings (Halupka 1994; own unpubl. data) and hence dis-
traction displays of females can be recorded in response to brood disturbance.
Males, when feeding the incubating female or young nestlings, enter the nest for a
short time and leave it early, when startled by an approaching researcher (pers.
obs.). In this study we recorded no distraction displays of males and so only dis-
traction displays of females were included in the analyses. The following data,
which reflect the risk taken by flushed females (dependent variables) were recorded
for each experiment: (a) the intensity of intruder’s attention distraction — ‘intensity
of display’; (b) the researcher—nest distance when the flushed bird left the nest —
‘flushing distance’; and (c) the bird—nest distance when the flushed bird landed —
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‘settling distance’. The responses of the meadow pipit varied from a straight line
flight away from the nest with no distraction displays, to a conspicuous fluttering
flight with tail spread and wing waving, during which the female intensively dis-
tracted the potential predator away from the nest. The intensity of display was
ranked on a subjective scale depending on the risk taken by the bird flushed from
the nest from 1 (minimum risk) to 5 (maximum risk) (cf. Hudson & Newborn
1990). The flushing and settling distances were evaluated by the researcher and
ranked on a scale of four categories (Table 1). Moreover, the following indepen-
dent variables were recorded in each experiment: (i) air temperature in the study
area at the time of each observation — ‘temperature’ (to statistically control for its
potentially confounding effect); (ii) the number of eggs — ‘clutch size’; and (iii) the
age of eggs (in days following the laying of the last egg) — ‘age of clutch’.
Observations of behaviour of flushed meadow pipit’s females were recorded
from 74 nests in the Jeseniky Mountains and from 60 nests in the Tydal area. To
eliminate the influence of multiple visits (see Rytkonen et al. 1990), only the dis-
traction behaviour of females during our first visit to the nests when recorded, was
included in the analysis. The majority of first observations of flushed females at
one nest was recorded during the incubation phase (when the majority of nests was
discovered). Therefore, only data from this phase were included in the analyses (47
observations of the first nest departure during the incubation period in the Jese-
niky Mountains and 45 in the Tydal area). In order to compare the incubation and
nestling phases of the breeding cycle, we included one observation from each
phase, when recorded at one nest (29 paired observations in the Jeseniky Moun-
tains and 26 in the Tydal area). To eliminate the potentially confounding effect of
the increasing number of visits between compared observations in later analysis

Table 1: Ranked responses of meadow pipit female flushed from the nest

Ranked Flushing Settling

response  distance (m) distance (m) Intensity of display

1 d<1 d <10 Female flushed from the nest flew away for
a long distance and landed on a not visible
site

2 1<d<1.5 10 <d <20 Flushed female flew away, landed at some
distance and watched the nest from visible
site

3 1.5<d<2 20<d<40 Flushed female sketched slight fluttering
flight

4 2<d 40 <d  Flushed female displayed fluttering flight
with tail spread and wing waving

5 Flushed female displayed conspicuous
distraction display feigning injury
(running away with broken wing display)
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(the nests were checked regularly, every 2-3d from discovery up to fledging), we
randomly compared sampled observations from the incubation phase and from
the nestling phase, when more than one observation was recorded during each
phase at one nest. Moreover, further analyses showed, that the number of visits
did not markedly influence the intensity of distraction displays in the meadow
pipit (own unpubl. data).

Data were analysed using STATISTICA for Windows software (StatSoft 1998).
All statistical tests are two-tailed. The relationships between the risk determining
and the independent variables were examined with Spearman’s rank-order correla-
tions. The relative importance of single independent variables was evaluated by
statistically partialling out the effects of factors not in question. To do this we com-
puted Pearson’s partial correlations between dependent and independent variables
when data were rank-ordered (Spearman’s partial rank-order correlations).

Results

Distraction displays can be influenced by the different conditions in the study
areas. We found that temperature (mean=13.6 = 3.8 vs. 10.3 £+ 3.9°C; t =4.03,
df=90, p < 0.001) was higher, and clutch size (mean =4.49 £+ 0.69 vs. 5.38 + 0.81
eggs; t=15.70, df =90, p < 0.001) was smaller, during the observations in the Jese-
niky Mountains (n =47) than in the Tydal area (n =45). The age of clutch during
the observations did not significantly differ between study areas (mean =4.40 +
3.52 vs. 5.67 + 3.49days; t =1.73, df =90, P =0.088). The proportion of success-
ful nests (y*=8.00, df =1, P=0.005; Fig. 1) and the variance of hatching dates
(June 17-July 28 in the Jeseniky Mountains vs. June 24—July 8 in the Tydal area,
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Fig. 1: Fates of meadow pipit nests in the Jeseniky Mountains (filled bars, n =73) and in the Tydal area

(unfilled bars, n = 56). We were able to determine survival rates of 73 of 74 nests studied in the Jeseniky

Mountains and 56 of 60 nests studied in the Tydal area. S: successful nests; PP: partially predated nests;

P: completely predated nests; L: loss of whole nest not caused by predation (e.g by weather). Because

we were not able to check all nests until fledging stage, a nest was considered successful when nestlings
reached the age of 8 days
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Table 2: Spearman rank correlations between measurements of meadow pipit behaviour
(dependent variables). Simple (S) and partial (P) correlation coefficients are shown sepa-
rately for the two areas

Jeseniky (n=47) Tydal (n=45)
S P S P
Intensity of display x Flushing — 0.48%*** —0.38* —0.30* —0.11
distance
Intensity of display x Settling —0.69%** — 0.64%** —0.74%** —0.71%%*
distance
Flushing distance x Settling 0.32% —0.01 0.32* 0.15
distance

*p < 0.05; *** p <0.001.

Levene’s test for homogeneity of variances, F =28.59, n; =74, n, =60, df =1 and
132, p < 0.001) differed between study areas.

Intensity of distraction displays, flushing distance and settling distance of
incubating meadow pipit females were significantly correlated in both study areas.
Although flushing and settling distances significantly decreased with increasing
intensity of display, interdependence of flushing and settling distances when con-
trolled for intensity of display was not significant in both study areas (Table 2).

Intensity of display (median rank =3.0 vs. 3.0; Mann—Whitney U-test, z=
1.35, P=0.177) and settling distance (median rank = 3.0 vs. 2.0; Mann—Whitney
U-test, z=1.92, P=0.055) did not significantly differ between the study areas.
However, flushing distance was slightly shorter in the Jeseniky Mountains than in
the Tydal area during the incubation period (but note median rank =3.0 vs. 3.0;
Mann—Whitney U-test, z=2.32, P=10.021) (Fig. 2).

Measurements of meadow pipit behavioural responses were independent of
air temperature, brood size and age of brood in both study areas during the incu-
bation period. When the effects of temperature, brood size and brood age were
controlled for each other, again no significant relationships were obtained (Table
3).

Distraction displays of meadow pipits did not change during the breeding
cycle. When intensity of display, flushing distance and settling distance were com-
pared between phases of incubation of the eggs and feeding of the nestlings, we
found no significant differences in the study areas (Wilcoxon signed ranks tests;
Jeseniky: n=29; (1) intensity of display — z;y=1.45, pq)=0.148; (2) flushing dis-
tance — z(»=0.84, pp)=0.397; (3) settling distance — zz,=1.85, py=0.065.
Tydal: n=26; (1) intensity of display — z;,=0.50; py=0.616; (2) flushing dis-
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Fig.2: Distribution of observed intensity of distraction displays and ranked flushing and settling dis-
tances in meadow pipit in the Jeseniky Mountains (filled bars, n=47) and in the Tydal area (unfilled
bars, n =45). Explanation of presented ranks is given in Table 1

tance — zp) = 0.41, po) = 0.679; (3) settling distance — z3,=0.31, p3,=0.756) (Fig.
3).

Discussion

It is obvious that bird parents respond to a danger of nest predation by per-
forming some risky defensive behaviour. But what is the validity of our measured
variables as reliable estimators of parental nest defence activities? Curio & Regel-
mann (1985) found that calling rates in great tits (Parus major) increased and dis-



1014 V. Pavel, S. Bures, K. Weidinger & P. Kovaiik

Table 3: Spearman rank correlations between measurements of meadow pipit behaviour

and independent variables. Simple (S) and partial (P) correlation coefficients are shown

separately for the two areas. None of the correlations was statistically significant, but the

power of the tests was low. Given the n =47, «=0.05 and the largest effect size observed (r
= —0.26), the power was 0.43

Jeseniky (n =47) Tydal (n=45)
S P S P
Intensity of display Temperature —0.01 0.04 0.02 0.04
Brood size —0.10 —0.08 0.13 0.13
Age of brood 0.19 0.18 0.08 0.06
Flushing distance Temperature 0.09 0.07 —0.21 —0.25
Brood size 0.12 0.11 —0.17 —0.21
Age of brood —0.01 0.02 —0.02 0.01
Settling distance Temperature 0.01 —0.02 0.04 0.05
Brood size —0.05 —0.11 0.03 0.05
Age of brood —0.26 —-0.27 —0.10 —0.10

tance to enemy decreased with increasing risk of nest predation. Additionally,
Redondo & Carranza (1989) found a high negative correlation between calling
rates and minimum distance of magpie (Pica pica) parents from a human intruder
close to the nest. In our study, three risk dependent variables were scored in mea-
dow pipit females disturbed from the nest by a human observer. As expected, we
found that flushing and settling distances of females decreased with increasing
intensity of display, both in the Central and the Northern European mountains.
This finding confirmed our assumption that in the case of the meadow pipit, mea-
sured behavioural variables are relevant estimators of females’ nest defence activ-
ities.

The clutch or brood size was assumed to be one of the most important factors
affecting the intensity of nest defence by parent birds (review in Montgomerie &
Weatherhead 1988). In addition, differences in opportunity to re-nest during the
same breeding season should influence nest defence intensity by parent birds; lim-
ited opportunity to re-nest should contribute to a higher level of nest defence (Bar-
ash 1975). Earlier studies showed that meadow pipits lay larger clutches in
Northern Europe than in Central Europe (Coulson 1956; Bahus 1993). Also, the
brood sizes in the nests observed during our study were larger in the Tydal area
than in the Jeseniky Mountains. Moreover meadow pipits rarely have second
broods in Northern Europe but two broods are common in Central Europe (Coul-
son 1956; Bahus 1993; own unpubl. data). The recorded distraction displays of the
meadow pipits did not markedly differ (except for a weak difference in flushing dis-
tance) between the Central European and the Northern European populations.
Although higher brood size and reduced opportunity to re-nest, in particular,
should contribute to a higher intensity of nest defence in the Tydal area than in the
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Fig. 3: Ranked responses of meadow pipit during incubation and nestling phase of the breeding cycle

in the Jeseniky Mountains and in the Tydal area. Bars indicate median values, error bars indicate inter-

quartile range. None of the differences between incubation and nestling phases of the breeding cycle
was statistically significant. Explanation of presented ranks is given in Table 1

Jeseniky Mountains, we found that meadow pipit’s females distracted approach-
ing intruders with similar intensity in both study areas. This finding is not consis-
tent with our expectations from the reproductive value and the feedback
hypotheses.

The age of offspring may also influence nest defence intensity of the meadow
pipits in relation to different possibilities to re-nest in both study areas. Under the
predictions of the reproductive value hypothesis, similarly to the finding of Side-
rius (1993), meadow pipits may reinforce nest defence responses during the breed-
ing cycle, only in the areas where there is a possibility to re-nest during the same
breeding season and older eggs or nestlings are more valuable for the parents. In
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the areas where there is no possibility to re-nest, eggs and nestlings should be
equally valuable during the breeding cycle, and parents should not invest more in
protecting older eggs or young. There is a markedly better opportunity to re-nest
during the same breeding season in the Jeseniky Mountains and the intensity of
distraction displays may increase during the breeding cycle particularly in this
area. With the exception of a tendency for a difference in distraction displays
between the incubation and nestling phases of the breeding cycle in the Jeseniky
Mountains, and no difference in the Tydal area (Fig. 3), our results are again not
consistent with this prediction.

Furthermore, intensity of distraction displays could also be influenced by the
differences in predation rates and human activities between the study areas. Mea-
dow pipits should defend the nest against humans more vigorously in the rarely
visited Tydal area than in the frequently visited Jeseniky Mountains (birds breed-
ing in areas of high human densities are more timid nest defenders, see Knight
1984 or Rytkonen & Soppela 1995). On the other hand, although similar predators
occur in both study areas, higher predation rates (Fig. 1) and thus also higher level
of predation risk and increased experience of parents with potential predators,
should contribute to a stronger nest defence intensity in the Jeseniky Mountains
(Montgomerie & Weatherhead 1988; Rytkonen & Soppela 1995), which is in con-
trast with the influence of other independent factors discussed above.

Moreover, the level of risk taken by disturbed females of the meadow pipit
was not significantly dependent on temperature, brood size and age of brood in
Central or Northern European mountains, when compared separately. This find-
ing is in contrast to the results of most previous studies on nest defence in birds.

Although it has been found that parental nest defence increases during bad
weather (Regelmann & Curio 1983) and the resulting poorer condition of offspring
(Dale et al. 1996; Bures & Pavel 1997), our results showed that in the case of mea-
dow pipits the intensity of distraction displays was not related to air temperature
in any of the study areas. This, together with significantly different temperatures
but no marked difference in taken risk between study areas, indicates that tem-
perature has no effect on distraction displays in meadow pipits. This finding sug-
gests that the effect of air temperature (and thus also weather conditions) limited
in birds (as it is in the meadow pipit) breeding in rough conditions of mountain
ecosystems, or that temperature alone may not be a biologically very important
factor for birds, but that it is more important in combination with other weather
indicators (rainfall, wind).

Although the increase in the nest defence intensity with increasing number of
eggs or nestlings was supported by some studies (Knight & Temple 1986; Wiklund
1990), there is also much evidence of no relationship or even an opposite relation-
ship between the intensity of nest defence and the clutch or brood size. Regelmann
& Curio (1983) explained the decrease in great tits” willingness to risk with increas-
ing number of young, by physical fatigue of parents from feeding. Our results in
meadow pipit may also correspond to the suggestion of Robertson & Biermann
(1979), that the time and energy demands made on the female during the nestling
period prevented her from an optimal level of nest defence (she will defend the nest
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in a manner that is less than optimal). On the other hand, meadow pipits may not
vary in their responses simply because they do not perceive humans to be major
predators and were in fact behaving relatively optimally.

There is much evidence that the nest defence intensity increases with the age
of clutch or brood (see reviews in Montgomerie & Weatherhead 1988; Clutton-
Brock 1991; McLean & Rhodes 1992), but a number of negative results have also
been published. A negative relationship between nestlings’ age and the risk of par-
ents in the presence of a nest predator was found by Dale et al. (1996). On the basis
of the ‘harm-to-offspring hypothesis’, they argued that parents may, under specific
conditions, adjust their nest defence intensity to the stress imposed to the offspring
rather than to their reproductive value. Halupka & Halupka (1997) observed a
constant level of nest defence intensity in meadow pipits defending the nest against
a stuffed female of the hen harrier (Circus cyaneus) during the breeding cycle and
breeding season, when results were corrected for the number of displaying birds.
They supposed that the communication system between meadow pipits and har-
riers represents an advanced stage of long time co-evolution, when meadow pipits
reduced their nest defence activities (based on taken risk) on only two discrete tac-
tics: to distract or ignore the predator. Therefore, the level of nest defence changes
only with an increasing or decreasing number of mobbers.

In conclusion, our results suggested that in the case of the meadow pipit, the
intensity of distraction displays is not influenced by nesting conditions (size of
clutch, age of clutch or brood, or differences in re-nesting potential), as was pre-
dicted by the reproductive value or the feedback hypotheses, and hence also does
not differ between study areas. These results should be influenced by the low
power of our tests (see Table 3). However, an alternative explanation is also possi-
ble. Onnebrink & Curio (1991) hypothesized that the behaviour of breeding birds
in the presence of a predator may be controlled by the compromise between the
parents’ tendency to conceal the nest site and to attack the predator when the nest
position is discovered. They viewed nest concealment behaviour as a behavioural
strategy with cost near to zero, which should be constant across a wide range of
conditions, including offspring quality. Distraction displays of concealed nesters,
such as the meadow pipit, may increase the chance of parent birds to conceal the
nest site, by distracting the attention of the searching mammalian predator onto
themselves. Although the cost of the distracting parent increases, it probably
remains at a lower level than during mobbing of the predator (review in Sordahl
1990). Therefore, we can conclude that distraction displays of concealed nesters
should be influenced by nesting conditions less than real attacks to the predators.
That is in accordance with the results of this paper and it also corresponds to our
finding that the age of young influences the mobbing intensity of the meadow pipit
against stuffed stoat (own unpubl. data).
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Kovaiik P. 2001: Metodické aspekty studia rodiCovské péce u ptakt: piiklad lindusky luc¢ni
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Investice rodict do vychovy potomstva jsou pfedmétem vyzkumu mnoha soucasnych studii.
Chovani rodict vSak muZe byt ovlivnéno celou fadou faktort, které mnohdy nejsou kontrolo-
vany. V této studii jsou prezentovany vysledky vyzkumu chovani lindusky lu¢ni (Anthus pra-
tensis) pii krmeni mladat. Potravni chovini lindusek (frekvence krmeni mlddat) bylo zna¢né
variabilni, podstatna ¢ast této variability vSak byla vysvétlitelnd nékolika milo faktory — pohla-
vim rodiCe, stafim mliadat a denni dobou. Samec a samice se fidili odliSnymi strategiemi krme-
ni mladat a jejich strategie se ménily i v zavislosti na denni dobé a staii mladat. Vysledky pou-
kazuji mimo jiné na duleZitost sledovani téchto faktort, predevsim pro srovndvaci studie
potravniho chovini.

Parental investment in offSpring is a very frequent topic of many contemporary bebavioural
studies. However, parental bebaviour is influenced by many factors, which are ignored in
many studies. The paper presents results of a research of bebaviour of the Meadow Pipit (Ant-
hus pratensis) during the feeding of nestlings. Feeding bebhaviour of pipits, measured as the fee-
ding frequency, was very variable but a significant part of the variation was explained by a few
Jactors — the sex of the parent, nestling age and time of the day. Male and female followed dif-
Jferent strategies when feeding the nestlings and their strategies also depended on the time of the
day and nestling age. These results show the importance of careful monitoring of confounding
variables, especially for the comparative studies dealing with the feeding bebhaviour.

Keywords: parental care, feeding frequency, parental investment, time budget, nestling age,
Meadow Pipit, Anthus pratensis

UVOD

V mnoha studiich zabyvajicich se chova-  mladat rodici. Ta byva pouzita k vyjadie-
nim ptaku je jako jedna z méfenych cha-  ni velikosti investic samce ¢i samice do
rakteristik uvadéna frekvence krmeni vychovy mladat (Whittingham & Robert-
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son 1993, Sandel et al. 1996) nebo jen
k doplnéni poznatki o daném druhu
(viz Cramp 1993). Velice casto jsou vsak
v textu prezentovany jen kusé udaje,
chybi dulezité informace charakterizujici
podminky pifi experimentech. Pouhé
udani poctu krmeni za hodinu téméf
o ni¢em nevypovida. Chovani ptaka je
mimofadné proménlivé a je pfizpisobo-
vano ndrokdm prostfedi a aktudlnim
potiebdm jedinct (Gill 1995). Rodice
krmici mlddata se rozhoduji mezi svymi
vlastnimi potfebami (udrZeni dobré
fyzické kondice) a potfebami svych mla-
dat (Alatalo et al. 1988, Krebs & Davies
1997). Pokud chceme popsat strategie,
kterymi si ptaci zajistuji své pieziti a roz-
mnozeni, musime bud sledovat co nejvi-
ce faktort, které mohou mit potencidlné
vliv na tyto strategie, nebo vliv téchto
faktort eliminovat pomoci vhodnych
metodickych postupt pfi pokusu.
Znacny vliv na frekvenci krmeni mla-
dat rodi¢i ma veék mladat (Seel & Walton
1979, Rytkonen et al. 1996). Mala mlada-
ta maji podstatné jiné vlastnosti a potie-
by nez mladata v dob¢ pfed opusténim
hnizda (viz napt. pfechod z ektotermie
na endotermii; Gill 1995). U velké casti
pévcl je vyvoj mladat v hnizdé velice
rychly, mladata opoustéji hnizdo do
dvou tydnt po vylihnuti, a to se mulze
projevovat také ve vyraznych zménach
strategie krmeni v prabéhu nékolika
malo dni. Pfitom strategie samce a sami-
ce se mohou od sebe podstatné lisit
(napf. Roskaft 1983, Moreno et al. 1995).
Také denni doba mtZe mit znacny vliv
na aktivitu rodi¢t (Bogucki 1972, Con-
stant & Eybert 1980, Hotker 1990).
V prabéhu dne se zpravidla periodicky
méni nékteré podminky prostiedi — svét-
lo, teplota ¢i vlhkost, které nasledné
ovliviiuji denni aktivitu potencialni kofis-
ti a tim i jeji dostupnost. MiZeme tedy
predpokladat urcité vice ¢i méné pravi-
delné zmény také v chovani ptaku.
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Aktualné dulezitymi faktory jsou
i dalsi aspekty pocasi (napf. rychlost vét-
ru, mnozstvi srazek, atmosféricky tlak)
a jejich momentdlni zmény. Vyznamny
vliv miZze mit také stadium hnizdni sezo6-
ny (zacatek, konec), velikost snutsky,
mira predace, zemépisna poloha atd.
(viz Royama 1966, Montgomerie & Weat-
herhead 1988, Martin 1992).

Pii vyzkumu chovani lindusky luc¢ni
(Anthus pratensis) v Jesenikdch jsem se
v ramci studia rodicovskych investic
zabyval také sledovanim intenzity krme-
ni mladat rodici. Na piikladé tohoto dru-
hu Ize demonstrovat duleZitost sledovani
a kontroly nékolika faktort, které maji
vyznamny vliv na frekvenci pfinaSeni
potravy do hnizda: denni doby, pohlavi
rodice a staifi mladat.

Metodika

Chovini lindusky lu¢ni pfi krmeni
mladat jsem studoval v letech 1998-2000
v oblasti alpinskych luk Vysoké Hole
a Petrovych kamenu v Jesenikdch
(50003'N, 17013’E; 1350-1464 m n. m.).
Linduska lu¢ni zde hnizdi v travnich
porostech s dominantnimi druhy Des-
champsia flexuosa, Festuca supina, Nar-
dus stricta, Carex bigelowii nebo v poros-
tech bortuvky Vaccinium myrtillus. Je zde
nejpocetnéjsim ptac¢im druhem, hustota se
pohybuje okolo 1 paru na hektar.

Tato studijni plocha je sledovana jiz
fadu let, hnizda jsou systematicky vyhle-
davana a pravidelné kontrolovana (Pavel
et al. 2000). Vétsina hnizd byva nalezena
pii vyplaseni samice inkubujici vejce
nebo zahfivajici mald mladata; ¢ast byva
dohledana podle krmicich rodicu.

Pro odliSeni samce od samice byl
vzdy minimalné jeden den pfed zapoce-
tim prvniho sledovani jeden z rodict
odchycen a oznacen bilou barvou na
pefi na krku. K tomu bylo pouzito bilé
modelafské barvy, kterd vydrZela na pefi
ptakt piiblizné 2-3 tydny.



Frekvence krmeni mladat rodi¢i byla
sledovana z krytu postaveného 20-30
metra od hnizda. Kryt (upraveny maly
stan zelené barvy) byl postaven vzdy
alesponn hodinu a pul pred zacatkem
pozorovani, aby si na néj ptaci zvykli.
U dvou hnizd byla kvuli nepiistupnému
terénu k monitoringu pouZita zamasko-
vand videokamera na nizkém stojanu,
umisténd nékolik metrt od hnizda.

Bylo sledovano krmeni mladat dvou
vékovych tfid: 1-3 dny po vylihnuti (mala
mladata, ektotermni, zahfivina samici)
a 10-11 dni po vylihnuti (velkd mladata,
jiz s vyvinutou endotermii, pfipravena
k opusténi hnizda). Prvni pozorovani se
uskutecnila v 2. a 3. dekdadé Cervna, vétsi-
na jich ale probihala v ¢ervenci.

Pozorovani byla provadéna v sedmi
hodinovych intervalech rozloZzenych
béhem dne — vzdy od 5, 7, 9, 12, 15, 17
a 19 hodin stiedoevropského c¢asu. Uda-
je byly ziskany z deviti hnizd. Pocet mla-
dat ve sledovanych hnizdech se pohybo-
val v rozmezi 3-5 (2 hnizda se 3 mlada-
ty, 2 hnizda se 4 mladaty a 5 hnizd s 5
mladaty), coz odpovidd béznému poctu
mladat u lindusky lu¢ni na sledované
lokalité (Pavel et al. 2000).

Celkové jsem ziskal tdaje z 60 hodi-
novych interval(i u malych mladat a z 62
hodinovych intervalt u velkych mladat
(3 resp. 1 interval nebyly odpozorovany
z technickych  davoda). Vzhledem
k zaméfeni studie (vliv pohlavi rodice,
denni doby a staff mlddat na frekvenci
krmeni) byly udaje z hnizd s rliznym
poctem mladat slouceny; studium vlivu
velikosti sntisky na intenzitu krmeni mla-
dat vyzaduje odlisnou metodiku a vétsi
mnozstvi dat, proto velikost snusky
nebyla zatim zahrnuta do analyzy.

Pro statistické zpracovani rozdilti mezi
samcem a samici v ramci jedné vékové
kategorie ¢i mezi vékovymi kategoriemi
v ramci jednoho pohlavi tedy byly k dis-
pozici vzdy 9 dvojic udaju o pramérnych
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dennich frekvencich krmeni z deviti
hnizd. Data byla analyzovana pomoci
programu StatXact 3 for Windows (Cytel
Software Corporation 1997).

Vysledky

Béhem pozorovani byly zjistény
vyrazné rozdily ve frekvenci krmeni mla-
dat jak pfi srovnani obou rodicu, tak pii
srovnani mladsich a starSich mladat.

U samice doslo ke zvySeni frekvence
krmeni u starSich mladat oproti mladsim
(primér 4,48 krmeni/h u mladsich vs.
7,23 u starSich; Wilcoxontv test: N = 9,
Z = 2,073, exact P = 0,039). U samce byl
také pozorovan urcity trend ke zvySeni
frekvence krmeni (primér 3,58 vs. 4,61
krmeni/h), rozdil ale nebyl statisticky
vyznamny (Wilcoxonuv test: N = 9, Z =
1,185, exact P = 0,262). Samice krmila
v pruméru celkové castéji nez samec;

pocet krmeni za hodinu
© o
—{>—

o] ; %%

1-3 dny
staff mladat

10-11 dni

Obr. 1. Porovnini poctu krmeni za hodinu
u rizné starych mladat (pramér + SE; A\ oba
rodice dohromady, e samec, [] samice;
vSechny udaje pochazi z deviti hnizd).

Fig. 1. Comparison of feeding frequency in
respect to brood-age (mean + SE: (N both
parents summed, ® male, [] female); x-axis:
age of nestlings (1-3 days vs 10-11 days),
y-axis: number of feeding acts/bour (data
from nine nests).
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Obr. 2. Porovnani frekvence krmeni mladat rodi¢i v prabéhu dne u razné starych mladat (pra-

mér z deviti hnizd).

Fig. 2. Comparison of feeding frequency in the young vs old nestlings in respect to the time of
the day (N both parents summed, ® male, [1 female; means from nine nests) x-axis: time,

y-axis: number of feeding acts/hour.

u malych mladat nebyl rozdil statisticky
vyznamny, u velkych ano (Wilcoxonuv
test: mald mladata N = 9, Z = 1,717812,
exact P = 0,098, velkd mladata N = 9,
Z = 2,665570, exact P = 0,004) — vzhle-
dem k uvedenému vyraznéj$imu nartstu
krmeni u samice byl rozdil mnohem vét-
81 u starsich mladat (obr. 1).
Porovname-li  prubéh frekvence
krmeni mladat béhem dne, dostaneme
naprosto odlisny obraz strategie krmeni
u malych a u starS§ich mladat. Nejvyssi
frekvence krmeni u malych mladat byla
pozorovana brzy rino a pozdé veler
(obr. 2). Kolem poledne a odpoledne,
kdy byva nejtepleji (relativné nejpfizni-
v&jsi pocasi i doba pro odpocinek),
krmili oba rodic¢e nejméné. Ranni vrchol
aktivity rodi¢i (mezi 5. a 6. hodinou
SEC) do zna¢né miry ovlivnil samec, kte-
ry mél v této dobé denni maximum
a pouze v tomto ¢asovém intervalu pre-
sahla jeho primérna frekvence krmeni
frekvenci samice (obr. 2); rozdil vSak
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nebyl statisticky vyznamny (Wilcoxontv
test: N = 9, Z = 0,415, exact P = 0,723).
Poté ale samcovo usili vyrazné klesalo az
do pozdniho odpoledne a zvysilo se az
veCer. U samice byla kfivka frekvence
krmeni vyrovnangjsi; pouze vecer stoup-
la k nipadnému dennimu maximu
a podilela se tak zna¢né na vyrazném
pozdné vecernim vrcholu denni aktivity.

Naproti tomu pii krmeni starsich mla-
dat oba rodice krmili nejintenzivnéji rano
(vrchol 7-8 h SEC), pozdé&ji intenzita
krmeni mirn€ poklesla a vecer se prudce
propadala az k velice vyraznému denni-
mu minimu. Prabéh kiivek aktivity sam-
ce a samice se do zna¢né miry shodoval
(az na podstatné vyssi frekvenci krmeni
samice).

Diskuse

Z uvedenych vysledku je patrné, Ze
u lindusky lu¢ni dochazi jak v prabéhu
dne, tak v prabéhu celého obdobi vycho-
vy mladat v hnizd€ k vyraznym zménam



v krmicim Gsili rodi¢h. Vyznamné je i zjis-
téni, ze na vztah mezi frekvenci krmeni
a stafim mladat resp. denni dobou ma
vyznamny vliv i pohlavi rodice.

Samice zvysila frekvenci krmeni
u starSich mladat oproti mladsim, coZ
odpovidd teorii rodicovskych investic
(Clutton-Brock 1991). Ta predpoklada, ze
se zvySujici se reprodukéni hodnotou
potomku (u starSich mladat je vetsi prav-
dépodobnost jejich pieziti a rozmnoZeni)
by méla vzristat ochota rodic¢u vice do
potomstva investovat. Paralelné s vySSimi
energetickymi naroky mladat by se tedy
méla zvySovat také ochota rodic¢t inten-
zivngji je krmit, popf. branit proti preda-
toraim (Biermann & Robertson 1981,
Montgomerie & Weatherhead 1988).
U samce vSak nebylo prokdzano statistic-
ky vyznamné zvyseni pramérné frekven-
ce krmeni mladat, coZ zfejmé vypovida
o tom, Ze se ochota samce investovat do
krmeni mladat v hnizdé v pribéhu této
faze piilis neméni. Pokud je zde urcity
trend ke zvyseni frekvence krmeni u star-
Sich mladat (jak naznacuji pramérné frek-
vence krmeni v jednotlivych kategoriich),
je zfejmé nevyrazny a zvySeni je zfejmé
pomérné malé. Tato neochota piilis zvy-
Sovat své usili pfi krmeni mladat v jed-
nom hnizdé muze vyplyvat z moznosti
samcl zvysit si reprodukéni Gspéch také
jinym zptsobem, napiiklad mimoparovy-
mi kopulacemi (viz nize).

Nejvyssi frekvence krmeni u malych
mladat byly pozorovany brzy rino
a pozdé vecer pred setménim (obr. 2).
Vrchol intenzity krmeni rano zfejmé sou-
visi s nutnosti ,dokrmeni“ malych mla-
dat po noci, kdy nemohou rodic¢e hledat
potravu a kdy je navic pomérné chladno;
obdobné vecer jsou mladata zfejmé
,predzasobena“ na noc (tento vecerni
vrchol byva jesté vyraznéjsi).

Stejné jako vrcholy intenzity krmeni
na zacatku a konci svételného dne, tak
i rozdily v prabéhu aktivity samce
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a samice béhem dne v tomto obdobi Ize
pravdépodobné do zna¢né miry vysvétlit
specifickymi naroky mladat v dobé& po
vylihnuti. Nékolik prvnich dni je totiz
musi samice v hnizdé zahiivat, nebot
nejsou jest¢ schopna udrzet si stilou
télesnou teplotu (Cramp 1993, Gill 1995).
Navic podle dil¢ich vysledkt se zda, ze
zejména pfi nepfiznivém pocasi (chlad-
no, dést) travi samice v hnizdé vétsinu
Casu a samec v této dobé kompenzuje
nedostatek potravy pro mladata mirnym
zvySenim frekvence krmeni (nepubliko-
vana data). Z toho muZe vyplyvat vétsi
vyrovnanost kiivky krmeni u samice (az
na prudké zvySeni vecer) a vetsi rozkoli-
sanost u samce.

Starsi mladata jsou v pribéhu dne
krmena samcem a samici podobnym zpt-
sobem, ale samice krmi podstatné castéji
(obr. 2). Stejny casovy prubéh frekvence
krmeni u obou rodicl je zfejmé vysvétli-
telny optimalizaci aktivity rodic¢t vzhle-
dem k podminkdm béhem dne. Starsi
mladata jsou jiz zna¢né vyspéld, nemusi
byt zahfivina a samice je muZe krmit
s ohledem na dostupnost potravy a své
vlastni potieby, stejné jako samec.

Veétsi frekvence krmeni u samice
muze mit vice vysvétleni. Je napf. moz-
né, ze samice sice krmi castéji, ale pfi-
nasi méné potravy pii jednotlivych
navstévach hnizda. Této mozZnosti by
mohly nasvédcovat vysledky nékterych
studii na jinych druzich pévcu, napf. Sej-
berg et al. (2000) zjistili u rakosnika vel-
kého (Acrocephalus arundinaceus), Ze
samec krmi méné c¢asto, ale pfinasi vét-
§i davky potravy, takZe oba rodice pfi-
naseji na hnizdo stejné mnoZstvi potra-
vy. Jinym vysvétlenim by mohl byt roz-
dil v. moZnostech samce a samice zvysit
si reprodukéni uspéch (Krebs & Davies
1997). Pro samce je vyhodnéjsi soucasné
s vychovou mladat od jedné samice
usilovat také o zajisténi dalsiho potom-
stva s jinymi samicemi (mimoparové

119



Kovarik P./ Rodicovskd péce u lindusky lucni ||

kopulace), o ¢emz svédd{i urcité procen-
to nevlastnich potomku vyskytujicich se
v hnizdech vétSiny druht pévea (Gill
1995). Naopak samice studovaného dru-
hu si  mimoparovymi kopulacemi
v dobé vychovy mladat fitness zvysit
nemuze. Musela by investovat mnoho
energie a ¢asu do zalozeni dalsiho hniz-
da, vytvofeni a sneseni vajec a jejich
inkubace (tyto cinnosti zajistuje u lin-
dusky lu¢ni vétsinou jen samice). Proto
samice investuje primarné do vychovy
existujicich mladat, zatimco samec se
snazi i jinde. Navic v duasledku vyskytu
mimoparovych kopulaci je jistota otcov-
stvi u samct nizsi, nez je jistota matefstvi
u samic, coz muZe zase ovliviiovat
ochotu rodicu investovat do vychovy
potomki.

Uvedena fakta dokladaji sloZitost
a provazanost problémut vyzkumu rodi-
Covské péce u ptaku. I tak zdanlive jed-
noducha charakteristika jako je frekven-
ce krmeni mladat vyZzaduje velkou
pozornost a duslednost pii ziskdvani
a zpracovani dat. Pokud bychom napt.
srovnavali Gdaje o frekvenci krmeni mezi
dvéma druhy a udaje od jednoho druhu
by byly ziskdny od mladsich mladat nez
u druhého druhu, zjistili bychom samo-
ziejmeé vyznamny rozdil. Ten by vsak
nevypovidal nic o rozdilech mezi druhy,
protoze staii mladat vyznamné ovliviiuje
frekvenci krmeni i uvniti druhu (podob-
né to plati i pro jakykoliv jiny faktor, kte-
ry ovliviiuje frekvenci krmeni). Pokud
tedy nemame podrobné informace o dal-
Sich charakteristikich podminek v dobé¢
sledovani a o strategiich krmeni mladat
u konkrétniho druhu ptidka, neni mozné
provadét smysluplnd mezidruhova srov-
nani. Stejné tak musime mit pod kontro-
lou faktory ovliviiujici frekvenci krmeni
i pfi vnitrodruhovém srovnani (napf.
pokud budeme srovnavat krmeni mla-
dych a starych mladat, neni mozné pou-
zit data, ktera byla u mladych mladat
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ziskana pouze rano a u starSich mladat
pouze v poledne). Bezpodminecnym
minimem by mélo byt rozliSovani pohla-
vi sledovaného rodice, staii mladat, jejich
poctu a denni doby; v rimci moZznosti je
vhodné kontrolovat i dalsi faktory zmi-
flované jiz v tvodu — pocasi (teplotu,
tlak, vlhkost, rychlost vétru), stadium
hnizdni sezony, zemépisnou polohu,
miru predace apod.

Pokud bychom se chtéli vyhnout sle-
dovani mnoha rtznych faktord, mime
v podstaté¢ tfi moznosti: (1) sledovat
chovani ptakt v urcité stanovené dobé,
kdy nas to zajimd, a uvést konstelaci nej-
dulezitgjsich faktortth v této dobé bez
narokd na vysvétleni interakci; (2) snaZit
se uspofddianim experimentt minimali-
zovat vliv co nejvice faktort v dobé
pozorovani a soustiedit se na néckolik
malo pro nas dulezitych charakteristik;
(3) vliv rtiznych faktortt zndhodnit, napft.
sledovat frekvenci krmeni za rtzného
pocasi a v rtznou denni dobu u vsech
srovnavanych druht; v dasledku toho
ovsem piijdeme o fadu zajimavych tda-
ju a toto feseni lze tedy povazovat pou-
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SUMMARY

Frequency of feeding of nestlings by
parents is very often used as a parameter
Sfor quantification of parental invest-
ment. Parental feeding frequency is sig-
nificantly influenced by many factors
(e.g. brood age, brood size, weather con-
ditions, etc.). However, many authors do



not provide sufficient information to
enable sensible interspecific and intras-
pecific comparisons of parental feeding
effort. The paper shows the importance of
careful monitoring of confounding vari-
ables that can potentially influence fee-
ding frequencies.

Feeding frequency was studied in the
Meadow Pipit (Anthus pratensis). Several
Sfactors that could have an effect on
parental behaviour, namely the sex of the
parent, nestling age and time of the day
were investigated. Bebaviour of the birds
was monitored from a hiding place or
video recorded. Frequencies of feeding of
young (1-3 days) and old (10-11 days)
nestlings were recorded throughout the
day (5:00-20:00 CET).

Feeding bebaviour of the parents
was very variable. This variability was
explained in terms of daytime, nestling
age and sex of the parent. Both sexes
Jfed older nestlings more frequently
than the young ones. This is in accor-
dance with parental investment theory.
The daytime pattern of feeding frequen-
cies showed two distinct peaks in young
broods (in the early morning and in
the evening). The observed pattern of
parental feeding activity probably ref-
lects the meed of young ectothermic
nestlings to recover from a cold night
period when they are not fed and the
need to obtain sufficient food reserves
before the night.

Similarly, also the differences betwe-
en male and female activity during the
day can be partially explained by the
needs of young nestlings. Female has to
warm the young nestlings several days
after the hatching because they are una-
ble to keep their body temperature stable.
Moreover, it appears that the male incre-
ases his effort to compensate for lower
female feeding frequency, especially
under bad weather conditions and early
in the morning.
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Parents fed older nestlings according
to the same temporal pattern throughout
the day, however, the female fed the
nestlings more often than the male. This
can be explained by the optimisation of
activity of parents relative to conditions
during the day (older mnestlings are
mature enough).

Higber female feeding frequency can
resull from various factors. It is possible
that the female brings the food more
often but in smaller amounts. Other
explanation is that the male has greater
chance to increase bis fitness by extra-
pair copulations and so be trades EPCs
Sfor feeding nestlings. The female of the
studied species cannot usually increase
ber fitness in this way and so she invests
in her current offspring.

The presented results show the com-
Pplexity of the issue of parental care study.
Every simple point, such as feeding [re-
quency, requires great conscientiousness
in data acquiring and analysing. It is
impossible to make inter- or intraspecific
comparisons without the consistent
monitoring of confounding variables.
Taking into account the sex of the
parent, nestling age and number and
time of the day pose the minimum, furt-
ber important characteristics are weat-
ber conditions, stage of the breeding sea-
son, latitude, predation rate, etc.

Three possibilities are available to
avoid monitoring of many different fac-
tors: (1) to observe the bebaviour of the
birds during some particular period only
and then describe the most important
characteristics without the explanatory
Sunction; (2) to eliminate the influence
of some factors by means of experimental
design; (3) to randomise the influence of
various factors, e.g. to monitor the fee-
ding frequency throughout the different
weather conditions and daytime. Howe-
ver, this is but a solution of the last resort
as many interesting information is lost.
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