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Uvod

Zasadni tlohou Zivych organisml je z pohledu soucasné evoluéni biologie rozmnoZovani za Ucelem
ziskani maximalni zdatnosti, neboli fitness (Krebs & Davies 1993). Vse, co jedinec déla, by tedy mélo
smérovat k produkci co nejvétsiho mnozstvi co nejkvalitnéjsich potomk(. Aby se vSak potomstvo
dofZilo reprodukéniho véku, je u obratlovcll zpravidla zapotfebi investovat do souboru riznych typl
chovani oznacovanych jako rodi¢ovska péce. Existuje celé kontinuum Urovni od témér nulové péce po
prevazujicim typem rodicovské péce (Lack 1968; Clutton-Brock 1991; Bennett & Owens 2002;
Reynolds et al. 2002). PGvodni model biparentalni péce predpokladal, Ze mezi samcem a samici se
ustanovil urcity podil jednotlivych pohlavi na péci, tzv. ,zpeceténa nabidka“ (sealed bid), ktery je
vysledkem konfliktu rodi¢li o péci v evoluénim ¢ase a stal se evolucéné stabilni strategii (Houston

& Davies 1985). Tento konflikt vsak stale trva a ukazuje se, Ze alespon u nékterych druh( je podil
konkrétnich jedincl na péci spise vysledkem procesu ,vyjednavani“ (negotiation) mezi obéma rodici
(McNamara et al. 1999, 2003; Johnstone & Hinde 2006), kdy vzajemné reaguji na Uroven péce
poskytovanou partnerem v redlném Case (Harrison et al. 2009). Ta zahrnuje rlizné druhy chovani.

U ptakd jde o inkubaci vajec, zahfivani a krmeni mladat, obranu pred predatory, péci o hygienu

v hnizdé a v rlizné mife i uceni potomk (Clutton-Brock 1991). Pomineme-li faktor pocasi, je pro
Uspésné zvladnuti vdech Urovni rodi¢ovské péce a dosazeni co nejvyssiho fitness klicové, s jakym
partnerem jedinec vytvori par. U pévcl je v procesu vybéru partnera samice zpravidla tou, ktera si
vybira. Pro usnadnéni této volby vznikl signalizacni systém, ktery diky znak{m slouzicim jako poctivé
signaly kvality, mohou samice pouZivat pfi vybéru kvalitnich partnerd (Zahavi 1975; Andersson 1984).
S témi by pak mély dosahnout co nejlepsich potomkui a tedy co nejvyssi fitness, at uz diky dobrym
genum (,,good genes model“), které potomci zdédi ( Zahavi 1975), nebo diky kvalitni rodi¢ovské péci
(,g00d parent model”), poskytované samcem (Hoelzer 1989).

Vrabec domaci Passer domesticus, L. je vhodnym modelovym druhem pro studium mnoha evolucnich
teorii tykajicich se rodi¢ovské péce a pohlavniho vybéru. Je celosvétové rozsifeny a i pres pokles
evropskych populaci v poslednich desetiletich (PECBMS 2010) stéle hojny. Zije pospolité, misty jesté
v plvodnich stromovych hnizdech, ale i ve volnéjsich koloniich na lidskych stavbach v centrech mést
nebo na hospodarskych budovach na venkové (Hudec et al. 1983). Pro vyzkumniky je vyhodou, Ze
hnizdi v nabizenych budkdach nékolikrat do roka a o potomstvo se staraji oba rodice, na prvni pohled
dobfe odlisitelni diky dimorfnimu zbarveni. Samci navic maji na hrudi melaninovou skvrnu, tvofenou
cernymi pery s postupné se obrusujicimi bilymi okraji (Mgller 1987; Veiga 1993). Velikost této skvrny

slouZi jako znak postaveni v socialni hierarchii a samci s vétsi skvrnou jsou dominantni nad samci



s mensi skvrnou (Mgller 1987; McGraw et al. 2002). Diky napadnému ornamentu je vrabec také
objektem studia signalizacnich systému.

SvUj vyzkum jsem zacinala experimentdlnim studiem antipredacniho chovani u méstskych populaci
vrabcl domacich. ProtoZze mé vysledky naznacovaly, Ze intenzita obrany hnizda souvisi s velikosti
melaninového ornamentu samc(, rozhodla jsem se tomuto druhu vénovat i nadale a zaméfit se na
dalsi aspekty rodicovské péce, ve kterych by ornament mohl mit signaliza¢ni funkci. Dalsi vyzkum
potom probihal na hospodaFském statku ve venkovském prostfedi jiznich Cech, kde jsme spoleéné
s kolegy zaloZili a po dobu péti let sledovali budkovou populaci vrabcd domacich. V prezentované
disertacni praci jsem se vénovala tfem okruhlim souvisejicim s rodi¢ovskym chovanim — obrané
hnizda, krmeni mladat a signalizaci kvality v pohlavnim vybéru. Nékteré vysledky spolecného
vyzkumu jsou teprve pfipravovany k publikaci, ale protoZe se domnivam, zZe bez nich neni prehled
nasich poznatk( o rodicovské péci u studované populace celistvy, strucné je v ivodu uvadim a cituji

z diplomovych praci studentek (Martinkova 2006; Luskova 2010).

Studované aspekty rodicovské péce

1. Antipredacni strategie pfi obrané hnizda

Hnizdni predace je u ptakl nejcastéjsi pricinou hnizdniho neuspéchu (Ricklefs 1969). Obrana hnizda
je proto dulezZitou slozkou rodicovské péce, nebot mize vyznamné snizit ztraty mladat zptsobené
predatory (Andersson et al. 1980; Knight & Temple 1986; Hogstad 2005). Toto chovani je vsak
nakladné na cas a energii (Biermann & Robertson 1983) a je spojeno s rizikem zranéni nebo dokonce
smrti braniciho jedince (Poiani & Yorke 1989). Pro rodice je proto zdsadni vyvazit ndklady spojené

s obranou hnizda a vyhody z ni plynouci tak, aby dosahli co nejvyssiho reprodukéniho uspéchu
(Montgomerie & Weatherhead 1988). Podle ,hypotézy o hodnoté mladat” (value of offspring
hypothesis) by méli rodice prizplQsobit svoji investici do hnizdni obrany kvalité aktualni snsky, kterou
charakterizuje stafi a kondice mladat, protoZe starsi mladata a ta v lepsi kondici maji vyssi
pravdépodobnost preZiti, a jsou tak pro rodi¢e hodnotné;jsi (Andersson et al. 1980; Clutton-Brock
1991). Intenzita obrany by méla vzristat také s poétem mladat, nebot s nim roste i zisk plynouci

z odehnani predatora (Wiklund 1990). Vyznam pro odhad hodnoty mladat maze mit i faze hnizdni
(Andersson et al. 1980; Clutton-Brock 1991). Vysi rodi¢ovské investice mohou dale ovlivnit také
vlastnosti samotnych rodi¢l, protoze ptaci v lepsi kondici mohou do obrany investovat vice energie

(Hogstad 2005) a starsi jedinci jsou zase zkusenéjsi (Montgomerie & Weatherhead 1988). Svou roli



hraje i pohlavi branicich jedincd, nebot jejich rozhodnuti mohou ovlivriovat jina vychodiska — odlisna
velikost, mozZnost nahradniho hnizdéni, jistota paternity apod. (Montgomerie & Weatherhead 1988).
Ackoliv byla rodicovska péce u vrabce domaciho v posledni dobé intenzivné studovana (souhrny
napr. Anderson 2006; Nakagawa 2007a), antipredacni chovani bylo spise opomijeno. Dosud
publikované studie vztahovaly intenzitu hnizdni obrany ke kvalité sntsky (Reyer et al. 1998; Kopisch
et al. 2005), avsak nenasly prlikazny vztah. Cilem naseho vyzkumu proto bylo vysvétlit variabilitu

v intenzité obrany pomoci parametrd rodicl (pohlavi, kondice, velikost ornamentu samce, intenzita
obrany partnera) ¢i mladat (datum sneseni prvniho vejce, velikost sntsky, stari a kondice), které
ovliviiuji reprodukéni Uspésnost a mohly by tak rozhodovat o investicich do obrany hnizda (Prispévek
1). Pro vyvolani antipredacniho chovani jsme poutZili vycpaninu straky obecné Pica pica, kterou jsme
umistili pfimo na budku kazdého sledovaného paru. Na tohoto predatora vajec a mladat zareagovali
vsichni sledovani ptdci, vZdy ale pouze par hnizdici v ,ohrozené” budce. Intenzitu obrany jsme
hodnotili pomoci tzv. risk indexu (podle Windt & Curio 1986; viz také Brunton 1990), ktery roste

s délkou trvani reakce a s jeji vzrlstajici riskantnosti (od pribliZzeni bez vokalizace, pres pfiblizeni

s vokalizaci aZ k naletim), zatimco klesa se vzdalenosti od predatora. Pro vysvétleni intenzity reakce
samic jsme vsak mezi sledovanymi proménnymi nenalezli Zadnou, ktera by méla prikazny vliv. Samci
méli tendenci branit vice snGsky, jejichz kladeni bylo nacasovano dfive v hnizdni sezéné. ,Hypotézu
hodnoty mladat” jsme tak mohli podpofit pouze ¢astecné. Vysledky dale souhlasi s hypotézou, Ze
drivéjsi snGsky maji vyssi pravdépodobnost preziti, a maji tak pro rodice vétsi hodnotu nez sntsky
nakladené pozdéji v hnizdni sezéné (Curio et al. 1984). Naopak tento vysledek odporuje , hypotéze
potenciadlniho znovuzahnizdéni” (renesting potential hypothesis), podle které by méli rodice intenzitu
péce o mladata stupriovat v prlibéhu hnizdni sezény, protoZze jejich Sance na dalsi zahnizdéni klesaji
(Montgomerie & Weatherhead 1988). ProtoZe ani zadna z predchozich dvou studii hnizdni obrany
vrabce domaciho (Reyer et al. 1998; Kopisch et al. 2005) nepotvrdila jeji vztah k hodnoté sn(sky,
mUiZeme spekulovat, Ze rodi¢e hodnotu snisky stanovuji podle jinych, dosud nezohlednénych,
aspektd.

Zajimalo nas také, zda rodice vzajemné ptizpUsobuji intenzitu obrany hnizda antipredaénimu chovani
nebo vlastnostem partnera (kondici, velikosti ornamentu samc(l). Takovéto chovani vsak nebylo
potvrzeno a tedy ani , hypotéza odlisSnych investic” (differential allocation hypothesis, DAH), ktera
predpoklada, Ze samice spdrovana s kvalitnim samcem bude investovat do reprodukéniho pokusu
vice (Burley 1986). Tuto hypotézu u vrabce domaciho nepotvrdili ani Mazuc et al. (2003), ktefi ji
testovali v kontextu frekvenci krmeni. Intenzita obrany samct vSak stoupala s rostouci velikosti jejich
ornamentu — vice v podkapitole 3. Signalizace kvality rodice na str. 8.

Vyznamnym Cinitelem, ktery ovliviiuje antipredacni chovani, je také druh predatora (napf. Kruuk

1964; Andersson et al. 1980). Zaméfili jsme se proto dale na otazku, zda je strategie obrany hnizda
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u vrabce domaciho stabilni, nebo zda se proménuje s mirou ohrozeni, které rlizni predatofi pro
hnizdici ptaky predstavuji (PFispévek Il). Atrapy jsme vSak tentokrat umistovali 5 m od hnizdisté,
nikoliv pfimo k hnizdu. V téchto experimentech reagovalo na predatora celé hejno spole¢né
zvlastnim typem antipredacniho chovani zvanym ,,mobing”, které bylo u tohoto druhu jiz dfive
popsano (Wilson 1978; Cramp & Perrins 1994). Pfi ném se ptaci jednoho i rliznych druh( shlukuji
kolem predatora a svou specifickou mezidruhové srozumitelnou vokalizaci, nalety a utoky jej obtézuji
(Curio 1978). V minulosti bylo vysloveno nékolik hypotéz o adaptivni hodnoté mobingu (shrnuti napf.
Curio 1978; Ostreiher 2003), které jej vysvétluji bud' jako altruistické chovdani (napf. Curio 1978; Pavey
& Smyth 1998), soucast rodicovské péce (napf. Curio 1978) nebo jako sobecké chovani (napr.
Slagsvold 1984). Prvni skupina hypotéz jako ,varovani ostatnich” (Curio 1978; Frankenberg 1981),
,Zmateni predatora” (Curio 1978; Ficken 1989) nebo ,,odehnani predatora” (Curio 1978; Pettifor
1990; Flasskamp 1994; Pavey & Smyth 1998) predpoklada, ze hlavnim pfijemcem vyhod z mobingu
jsou ostatni ¢lenové kolonie nebo mobujici skupiny. Hypotézy o mobingu jako soucasti rodi¢ovské
péce, prepokladaiji, ze z mobingu maji prospéch predevsim mladata, a zahrnuji hypotézy ,utiSeni
mladych” (Curio 1975), u¢eni mladat rozpoznat predatora a chovat se k nému (kulturni pfenos; Curio
1978; Curio et al. 1985) a ,,odlakani predatora” od hnizda (Curio 1978; Tamura 1989). Treti skupina
hypotéz uvazuje o mobingu jako o sobeckém chovani, ze kterého téZi pfedevsim sam mobujici
jedinec, a patfi k nim hypotéza signalizace kvality nebo postaveni v hierarchii (Slagsvold 1984; Francis
et al. 1989; Zahavi 1995) ¢i hypotéza ,komunikace s predatorem®, podle niz mobujici jedinec svym
chovanim presvédcuje predatora, Ze jiz byl kofisti zpozorovan a nemuze tedy vyuzit momentu
prekvapeni (Zahavi & Zahavi 1997). VysSe uvedené hypotézy se vzajemné nevylucuji a je
pravdépodobné, Ze mobing ma vice Gcell (Ostreiher 2003).

Spolecna reakce nékolika jedincd z hnizdni kolonie (PFispévek Il) se vyrazné odlisuje od chovani
vrabcl v dfivéjSich experimentech, kdy byla atrapa umisténa pfimo u hnizda a kdy reagoval pouze
rodicovsky par (Reyer et al. 1998; Prispévek 1). Tento rozdil jasné potvrzuje vyznam vzdalenosti
predatora od hnizda — ten byl jiZ sice dfive popsan, ale jeji vliv byl zpravidla opacny (Zimmermann
and Curio 1988; Kleindorfer et al. 2003). Ptaci zvySovali intenzitu obrany se sniZujici se vzdalenosti
predatora od hnizda. Je-li predator daleko, pravdépodobné jesté nezjistil presnou polohu hnizda, a je
tedy potreba jej neprozradit. Pokud je ale predator tak blizko, Ze o hnizdé vi, ma naopak smysl se
pokusit jej od hnizda odehnat. V pfipadé nasich experimentl prezentuje umisténi vycpaniny
predatora pfimo na budku zfejmé situaci, kdy uz si predator vybral svou kofist a motivaci jej odehnat
maji tedy predevsim rodice z dané budky (Pfispévek I). Je-li vSak predator vzdalen 5 m od vSech hnizd
v kolonii, maji vSechna stejnou pravdépodobnost, Ze budou predovana, a vSichni hnizdici ptaci jsou
tedy stejné motivovani k obrané (PFispévek I1). Domnivdme se proto, Ze v tomto experimentu se

jednalo spise o reakci hejna sobeckych pard, branicich své vlastni potomky, nez o hejno altruist(
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riskujicich predaci pro dobro celé kolonie. K podobnému zavéru dosel jiz Horn (1968) u kolonialnich
vlhovct pospolitych Euphagus cyanocephalus, ktery uvadél jako divod skupinového mobingu fakt,
Ze kazdy par brani urcity okruh kolem vlastniho hnizda a tyto okruhy kolem jednotlivych hnizd

v kolonii se prekryvaiji.

Testovali jsme dvé, vzajemné se nevylucujici, hypotézy o mobingu kolonialné hnizdicich vrabcl
domacich. Pokud je mobing predevsim soucasti rodi¢ovské péce, predpokladali jsme, Ze jeho hlavnim
ucelem je odehnat predatora z blizkosti hnizda (Curio 1978). Pak by vrabci méli intenzivnéji reagovat
na hnizdniho predatora nez na preddatora dospélych. Je-li vSak mobing spiSe sobeckym chovanim,
pouzivaji jej vrabci k pfedvadéni svého postaveni v socidlni hierarchii hejna (Slagsvold 1984; Moholt
& Trost 1989; Dugatkin & Godin 1992). Plati-li “hypotéza signalizace postaveni”, predpokladali jsme,
Ze by samci méli predatora odhanét intenzivnéji nez samice, bez ohledu na fazi hnizdni sezény ¢i druh
predatora (vice na str. 8 v podkapitole 3. Signalizace kvality rodice).

Vrabci rozliSovali jednotlivé predatory. Jejich pocet i intenzita mobingu (méfena opét , risk indexem*)
se snizovala se stoupajicim rizikem zranéni predatorem. Nejvyssi riziko rozpozndvali vrabci v krahujci
obecném Accipiter nisus, ktery je vyznamnym predatorem dospélct (Gotmark & Post 1996), i kdyz
jsme jej pozorovali i pfi vytahovani mladych z hnizdni dutiny (Klvariova & Hofakova, nepubl.). Stfedni
intenzitu mobingu vyvijeli vrabci v reakci na sy¢ka obecného Athene noctua, ktery preduje mladata

i dospélé (Angelici et al. 1997), avSak diky své prevazné noc¢ni aktivité se ve dne hlre orientuje a je
mobingem stresovan (Flasskamp 1994), takZe je méné pravdépodobné, Ze mobuijiciho jedince
napadne. Nejintenzivnéjsi reakce jsme zaznamenali v experimentech se strakou obecnou,
predatorem vajec a mladat (Tatner 1983). Nase vysledky potvrzuji hypotézu, Ze ptaci prizplsobuji
svoji strategii obrany potencialni mife ohrozeni, kterou rlizni predatofi predstavuji (Pettifor 1990;
Shedd 1982). Méné riskantni reakce na hnizdniho predatora nez na predatora dospélych byla
pozorovana také v koloniich rackl Larus spp. a rybaku Sterna spp. (Clode et al. 2000) nebo vihovcl
cervenokridlych Agelaius phoeniceus (Knight & Temple 1988) a odpovida hypotéze, Ze mobing je
soucast rodicovské péce, protoze pfijemcem vyhod z néj plynoucich jsou predevsim mladata.
Schopnost vrabcl rozliSovat mezi dvéma predatory dospélych byla pozorovana i u jinych druht, napf.
sykor koniader Parus major (Curio et al. 1983). Dlvodem odlisné vnimané Urovné nebezpedi,
plynouciho ze stfetu s obéma predatory, je pravdépodobné jejich rozdilna lovecka strategie (Bildstein
1982; Pettifor 1990). Sycek obecny byval jednim z hlavnich vrabcich predator( (Cordero 1991),

a i kdyz v poslednich letech z Prahy témér vymizel (Fuchs et al. 2002), je nadale vrabci vniman jako
nebezpecny. | pfes pravdépodobnou dezorientaci a stres (Flasskamp 1994) je zfejmé schopen na
vrabce béhem mobingu zautodit, stejné jako jiné druhy sov (Motta-Junior 2007). Krahujec tak coby

obratny lovec s denni aktivitou m(iZe braniciho vrabce ohrozit nejvice.



Reakce samcu byla intenzivnéjsi nez v pripadé samic (PFispévek I, Il). Vysvétleni zvySené obrany
samcem mUZeme nalézt v rozdéleni péce mezi partnery, kdy jednotliva pohlavi pfispivaji
nerovnomeérné k rliznym slozkam péce. Vysledkem je pak stejny podil obou rodi¢l na celkové pédi,
jak predpoklada teorie u druhl s biparentalni péci (Winkler 1985). U vrabcUl travi samice vice ¢asu
inkubaci (Hoi et al. 2003; Bartlett 2005; Martinkova 2006) a ¢astéji krmi (Voltura et al. 2002; Hoi et al.
2003; Martinkova 2006; Luskova 2010), zatimco samci vice brani hnizdo. Dale mUzZe byt mobing
prilezitosti pro samce k signalizaci vlastni kvality jako rodice (vice v podkapitole 3. Signalizace kvality
rodice na str. 8). Na zékladé nasich vysledkl jsme proto dospéli k zavéru, Ze mobing je predevsim

slozkou rodicovské péce, avsak je pravdépodobné i prileZitosti k signalizaci kvality.

2. Krmeni a potrava mladat a jejich vliv na reprodukéni ispésnost

Kvalita potomkad, a tak i reprodukéni Uspéch jejich rodic, mohou byt ovlivnény potravou, kterou jsou
mladata krmena béhem vyvoje na hnizdé (napf. Metcalfe & Monaghan 2001). K vyjadreni investice
rodi¢d do krmeni, coby slozky rodicovské péce, byvaji vzhledem k ¢asové a energetické narocnosti
pouzivany frekvence krmeni (Whittingham & Robertson 1993; Sandel et al. 1996). Spolu s nimi je
¢asto hodnocena i doba stravenad zahtivanim mladat mezi krmenimi. V nami studované populaci
krmila samice mladata Castéji a vénovala také vice Casu jejich zahfivani nez samec (Martinkova 2006;
Luskova 2010). U ptak(l s biparentdlni péci se vSak oc¢ekava, Ze mira investice bude pfiblizné stejna
(Winkler 1985). Rozdil mezi pohlavimi miGzeme vysvétlit rozdilnym vkladem do rliznych slozek péce,
jak bylo uvedeno vyse. Do problematiky vSak vstupuji i dalsi faktory. Svou roli mlze hrat fakt,

Ze samice investuje vice energie do produkce vajec nez samec do produkce spermii, a tudiz i jeji
investice do rodicovského chovani je vyssi (Trivers 1972). Samec také mUze urcity ¢as vénovat
zvySovani svého reprodukéniho Uspéchu vyhledavanim mimoparovych kopulaci s jinymi samicemi.

V nasi populaci jsme zaznamenali nékolik samc(l hnizdicich se dvéma samicemi zaroven.

Na priimérnou hmotnost mladat na hnizdé méla vliv pouze frekvence krmeni samcem, prestoze krmil
méné casto (Martinkova 2006). Tento vysledek potvrzuje dlleZitost prispévku samce k rodi¢ovské
péci a potazmo i volby partnera pro budouci reprodukéni Uspéch samice. Zaroven tento vysledek
naznacuje, Ze kvalitu ani kvantitu rodici donasené potravy nelze hodnotit pouze frekvencemi krmeni.
U vrabct domacich bylo experimentalné prokazano, Ze pro rlst mladat neni podstatna pravidelnost
krmeni, pokud dostanou urcitou pfimérenou davku potravy denné (Grodzinski et al. 2009).

ProtoZe vrabec domdci patfi ke druhGim, které prinaseji vice kusu kofisti najednou, tzv. ,multiple
prey-loaders” (Orians & Pearson 1979), mohou se jedinci lisit mnoZstvim, velikosti i druhem kofisti,
kterou pti jedné navstévé hnizda dopravi mladattim. Pro kvalitu mladat mize mit vyznam nejen

mnozstvi potravy, ale i zastoupeni riznych slozek (Wright et al. 1998), ¢i pfitomnost urcitych Zivin



v potravé (Donald 2001; Arnold et al. 2007; Rossmanith et al. 2007). Studie populaci vrabcl ve Velké
Britanii (Vincent 2005; Peach et al. 2008) nebo Némecku (Mitschke et al. 1999) ukazaly, Ze kondici
mladat mlze sniZovat nedostate¢né mnozstvi Zivocisné potravy, které rodice kompenzuji zvysenymi
davkami rostlinné potravy. V disledku tohoto zjisténi byla sniZzena reprodukéni Uspésnost zplisobena
hladovénim mladat navrzena jako jeden z moznych faktor( zplsobujicich populacni poklesy vrabct
domadcich (Vincent 2005; Peach et al. 2008), ke kterym dochazi v poslednich desetiletich na uzemi
Evropy (PECBMS 2010).

Je vdak zndmo, 7e sloZeni potravy se lii geograficky (Anderson 1984). V Ceské republice navic nebyly
dosud publikovany tGdaje o potravé mladat vrabcl domacich, na rozdil od rozboru potravy dospélych
(ASmera 1962), ktery byl proveden nékolik desetileti pfed nastupem populacniho poklesu. Rozhodli
jsme se proto déle provést analyzu vykalll (Moreby & Stoate 2000) za Géelem zhodnoceni potravy

a jejiho vlivu na kvalitu mladat v souc¢asnych venkovskych podminkach stfedni Evropy. Na zakladé
této analyzy jsme zjistili, Ze mladata jsou krmena prevazné brouky a dvoukfidlym hmyzem (Pfipévek
I). To je v souladu s vysledky z jinych oblasti, avSak v potravé nasi populace dominovaly druhy
typické pro prostifedi hospodarského statku, jako jsou koprofagni vrubounoviti brouci nebo mouchy
a tiplice, zatimco jini autofi uvadéji vétsinou jako nejcastéjsi zastupce brouku ¢eledi Curculionidae

a Carabidae (Vincent 2005; Anderson 2006). Mezi nej¢astéjSimi druhy kofisti dale byvaji msice,
pavouci a mravenci (Encke 1965; Mitschke et al. 1999; Vincent 2005). V nasi analyze jsme z téchto
skupin nasli pouze pavouky, a to ve ctvrtiné vzorkl. K tomuto vysledku pravdépodobné pfispéla

i jejich dobré stravitelnost. Spatna zachytitelnost bezobratlych s mékkym télem, a tudiz
podhodnoceni vyskytu této kofisti v potraveé, je pravdépodobné nejvétsi slabinou zvolené metody
(Moreby & Stoate 2000). Avsak vzhledem k tomu, Ze i studie, ve kterych autofi tyto ,mékké“
¢lenovce v potravé nalezli (napt. Vincent et al. 2005), pouzivaly stejnou metodu analyzy vykall jako
my, a Ze se tito ¢lenovci na nasi lokalité vyskytovali, je pravdépodobné, Ze zde vrabci tuto kofist
zfejmé nepreferuiji.

Odbér vzork( vykalt jsme provadéli u dvou vékovych kategorii — mladsSich mladat ve stafi 4-6 dni

a u starsSich mladat ve stafi 9-11 dni. Starsi mladata byla krmena vétsim mnoZstvim potravy, coz bylo
zpUsobeno narlstem rostlinné slozky, zatimco velikost Zivocisné slozky byla v obou vékovych
kategoriich srovnatelna. Zvysujici se potravni naroky mladat tedy rodi¢e kompenzovali dobre
dostupnou rostlinnou potravou, pfedevsim semeny kulturnich plodin a plevell. Nabizeji se dvé
vysvétleni — je mozZné, Ze existuje horni limit mnoZstvi bezobratlych, které jsou rodic¢e schopni ulovit.
Alternativné je pozorovany fakt vysledkem ménicich se preferenci mladat ve prospéch rostlinné
potravy. Potravni preference mladych vrabcl se méni v priibéhu jejich vyvoje a po vylétnuti z hnizda

uprednostiuji rostlinnou potravu (Mueller 1986).



Hmotnost vzorku, jeho Zivocisné slozky a okrajové také mnozstvi broukl v potravé starsich mladat
mélo pozitivni vliv na kondici mladat. Vyznam bezobratlych v potravé pro kondici mladat vyzdvihl
také Anderson (1977). Jelikoz mladata s vyssi kondici maji vétsi pravdépodobnost, Ze budou
vyvedena (Cleasby et al. 2010), ovliviiuje mnozZstvi Zivocisné slozky v potravé mladat také
reprodukéni Uspésnost jejich rodica. Lepsi kondice mladat, krmenych vétsim podilem broukd, byla
zaznamenana i ve Velké Britanii, kde byl zaroven prokazan opacny vliv mravenct v potravé (Vincent
2005). ProtozZe na nami studované lokalité se mravenci také vyskytovali, aniz by byli zaznamenani
v potravé, je mozné, Ze jimi vrabci krmi svd mladata pouze v mistech s chudou potravni nabidkou.
U jiné britské populace byla nizkd kondice mladat naopak ddvana do souvislosti s omezenym
vyskytem masic v okoli hnizdist (Peach et al. 2008). Fakt, Ze na nasi lokalité dosahovala mladata
vysoké kondice navzdory absenci msic v potravé, tak ukazuje, Ze jsou vrabci schopni tuto kofist

nahradit jinou ZivociSnou potravou.

3. Signalizace kvality rodice

U mnoha druh( s biparentalni péci se béhem evoluce vyvinul signalizacni systém, v némz urcité
znaky, korelované s kondici ¢i kvalitou rodi¢ovské péce, mohou vyuzivat zastupci vybirajiciho si
pohlavi k usnadnéni volby kvalitnich partner( v pohlavnim vybéru (Andersson 1994). U ptakd jsou
témito signaly vétsinou znaky v opereni, jako jsou intenzita zbarveni i velikost ornament(l a pernich
ozdob (napft. Hill 2002; Jawor & Breitwisch 2003).

Samci vrabce domdciho maji na hrudi ¢ernou skvrnu variabilni velikosti tvofenou melaninem. Na
otazku, zda je potencialnim signdlem a co signalizuje, se pokouselo odpovédét mnoho studii, jejichZ
vysledky shrnuli v recentni meta-analyze Nakagawa et al. (2007a). Podle této analyzy je velikost
ornamentu signalem postaveni v socialni hierarchii, stafi a okrajoveé i kondice, nesignalizuje vsak
zfejmé miru rodicovské péce, paternity nebo reprodukéniho Uspéchu. Jako rodi¢ovskou péci
uvaZovali autofi pouze Cas straveny inkubaci a frekvenci krmeni, nezahrnuli vSak obranu hnizda

z dvodu nedostatku studii na toto téma. Vztahem ornamentu a antipredacniho chovani u vrabce
domaciho se zabyvali pouze Reyer et al. (1998), ktefi zjistili, Ze frekvence, s jakou se samci ptibliZzovali
k atrapé predatora, rostla s velikosti jejich ornamentu a naopak u jejich partnerek Umérné klesala.
Autofi pfedpokladali, Ze vyssi investice do obrany by mohla souviset s vy$si mirou jistoty paternity
samcU s vétsim ornamentem. Vztah paternity a velikosti ornamentu viak nebyl pozdéji u jinych
populaci vrabct potvrzen (Whitekiller et al. 2000; Veiga & Boto 2000; Stewart et al. 2006). Navic ani
prace studujici jiné druhy pévcq, ve kterych byli znami geneticti rodice mladat, neprokazaly vliv

paternity na obranu hnizda samcem (Lubjuhn et al. 1993; Griggio et al. 2003; Rytkénen et al. 2007).



V nasi studii (PFispévek I) jsme do analyzy obranného chovani zahrnuli jako mozné faktory jak
parametry snlsky, tak také parametry obou rodicl. Intenzita reakce na predatora rostla s velikosti
ornamentu samce, avSak samice svou reakci nijak nepfizplsobovala chovani svého partnera.
Podobné Quesada & Senar (2007) popsali pozitivni korelaci intenzity obrany hnizda u samc( sykory
konadry Parus major a velikosti jejich melaninového ornamentu, ¢erného pruhu na hrudi. Vysvétleni
vyssi intenzity reakce vrabcll s vétsim ornamentem mZe spocivat v jejich lepsi fyzické kondici (Veiga
& Puerta 1996), ktera jim umoZnuje vydat vice energie a |épe predchazet moznému zranéni ze strany
predatora. Hogstad (2005) popsal agresivnéjsi chovani k predatordm u drozdt kvical Turdus pilaris

v lepsi kondici. Korelace mezi velikosti ornamentu a kondici je vSak u vrabce domaciho spiSe slaba
(Nakagawa et al. 2007a) a u sykor koriader nekoreluji tyto dvé vlastnosti samcl vibec (Senar et al.
2003). U nami studované populace navic nebyl ani vliv kondice jedince na intenzitu obrany hnizda
prokdazan. ProtoZe velikost ornamentu se zvétsuje se stafim jedince (Nakagawa et al. 2007a, b), mohl
by nami nalezeny vztah pouze znamenat, Ze starsi ptaci reaguji na predatora silnéji diky své predchozi
zkuSenosti (Smith et al. 1984). Na nasi studijni lokalité je vSak straka obecna bézné pritomna, a mladi
vrabci tak maiji prilezitost naucit se ji poznavat jako hnizdniho predatora béhem hnizdni sezény

od svych rodic( (Curio et al. 1978). Ackoliv jsme neznali pfesné stari dospélych jedincl, vétsina
ostatnich praci neprokdzala u pévcl stoupajici trend intenzity obrany s vékem (napf. Winkler 1992;
Hatch 1997). Samci s vétsSimi melaninovymi ornamenty maji vyssi hladinu testosteronu v plazmé,
kterd zpusobuje vyssi agresivitu, ktera se uplatiuje v antagonistickych interakcich a pozitivné tak
ovliviiuje postaveni v socidlni hierarchii (Jawor & Breitwisch 2003; Senar 2006; Ducrest et al. 2008;
Buchanan et al. 2010). Hladina testosteronu je ovliviiovana pleiotropnim ucinkem genf fidicich
melanogenezi (Ducrest et al. 2008), které dale ovliviuji vyssi sexualni aktivitu, lepsi snasenlivost
stresu, silnéjsi imunitni odpovéd' a vyssi rychlost metabolismu (shrnuti Ducrest et al. 2008). Vsechny
tyto aspekty mohou pfispivat k vyssi intenzité hnizdni obrany. Zatimco ostatni samci vyuZzivaji
ornament jako signal usnadnujici rozhodnuti, zda se Ucastnit antagonistickych interakci, pro samice
by mohla byt uzite¢na informace o schopnosti samce chovat se agresivné v(ci predatorlim. Protoze
obrana hnizda mze vyznamné ovlivnit reprodukcni Uspéch paru (Knight & Temple 1986),
domnivame se, Ze velikost ornamentu by mohla byt vyuZzivana samicemi jako hodnotny signal
investice do této slozky rodicovské péce, zvlasté v mistech s vysokou mirou predace, kde muze byt
vyhodnéjsi sparovat se se samcem, ktery vice brani hnizdo, nez s tim, ktery vice krmi mladata.

V nasich experimentech samice neinvestovala do obrany hnizda vice, byla-li sparovana se samcem

s vétsim ornamentem, jak predpoklada hypotéza odlisnych investic (Burley 1986), ani méné, jak
popsali Reyer et al. (1998). Vyhoda téchto samic tedy spocivala v nadprlimérné investici jejich
partner(l do obrany hnizda ve smyslu ,,good parent model“ (Hoelzer 1989). Ackoliv jsme

nezaznamenali dostatek predovanych hnizd samc( se zmérenou velikosti ornamentu, abychom mohli
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analyzovat, zda ma vliv na miru hnizdni predace, studie jinych pévcl ukazaly, Ze Uspésné vyvedenad
mladata byla v hnizdé branéna s vétsi intenzitou nez ta, ktera podlehla predaci (Knight & Temple
1988, Weatherhead 1990).

Ani na nasi lokalité nebyla potvrzena korelace velikosti ornamentu samc a jejich frekvence krmeni
¢i doby, kterou travili inkubaci, ani jejich reprodukéni ispésnosti (Martinkova 2006). Domnivame se,
Ze jednotlivé slozky rodicovské pécée mohou byt ovliviiovany opacnym smérem. Tato ,trade-off” by
mohla byt zplsobena hladinou testosteronu v plazmé, ktery pozitivné ovliviiuje miru agresivity,
vyuzitelnou vnitrodruhové pfi kompetici o hnizdni moznosti (Veiga 1993; Gonzalez et al. 2002) nebo
mezidruhové pti obrané hnizda, avSak potlacuje jiné slozky rodicovské péce jako zahtivani a krmeni
mladat (Mazuc et al. 2003).

Vztah velikosti ornamentu a intenzity obrany jsme provéfili v dalSim prispévku (Pfispévek Il), ve
kterém jsme chtéli zjistit, zda se strategie obrany hnizda méni v zavislosti na druhu predatora. Samci
intenzita obrany hnizda prikazné stoupala s velikosti ornamentu pouze v experimentech se strakou
a sy¢kem, zatimco na krahujce reagovali vSichni vrabci stejné opatrné bez ohledu na velikost jejich
ornamentu. Dominantni samci tak branili hnizdo s vyssi intenzitou jak proti hnizdnimu predatorovi
(straka), tak proti predatoru dospélych (sycek). Bylo-li vSak riziko napadeni predatorem pro branici
jedince pfilis vysoké (krahujec), rozdil mezi samci s malym a velkym ornamentem vymizel.
Riskantnéjsi reakce na hnizdniho predatora nez na predatora dospélych popsali i Knight & Temple
(1988) u vlihovcl ¢ervenokfidlych, u nichz méli nejagresivnéjsi samci také nejlepsi ispéch v pohlavnim
vybéru. V mé studii vSak mdze byt ddvodem absence vlivu velikosti ornamentu na intenzitu reakce na
atrapu krahujce také pomérné maly vzorek reagujicich samct, zplsobeny tim, Ze na tohoto predatora
Casto reagovali pouze pasivnim mobingem ve skrytu, kde nebylo moZné zaznamenat velikost jejich
ornamentu.

Lotem et al. (1998) navrhli, Ze i chovani, které samo o sobé nema plvodné funkci signalu, muize
obsahovat signalizacni slozku. Pfedpokladdame, Ze mobing je vhodnou pfilezitosti pro signalizaci
vlastni kvality, avsak nemUzZeme s jistotou rozlisit, zda samci signalizovali spiSe vlastni dominantni
postaveni v hierarchii ostatnim samcim v hejné nebo svou rodicovskou kvalitu coby schopného
obrdnce hnizda sou¢asnym i potencialnim partnerkdam, protoZe mobingu se ucastnili vSichni ¢lenové
hejna a prijemci signalu mohli tedy byt jak samci, tak samice. Domnénka, Ze u kolonialnich druht
mohou ¢lenové hejna demonstrovat svou kvalitu ¢i postaveni prostfednictvim intenzity mobingu byla
jiz drive publikovana (Maklakov 2002). Vysvétlenim by mohla byt napf. snaha dosahnout
mimoparové kopulace (Slagsvold 1984), Ci zajistit, Ze soucasna partnerka se samcem zahnizdi

i v dal$im hnizdéni. Obé moznosti jsou u vrabce domaciho mozné, nebot hnizdi 2 — 5 krat do roka
(Hudec et al. 1983) a cca 10 - 28 % mladat pochazi z mimopdrovych fertilizaci (Wetton & Parkin 1991;
Cordero et al. 1999; Vaclav & Hoi 2002).
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Nase vysledky ukazuji, Ze na rodi¢ovskou péci je tfreba pohlizet jako na sloZity komplex rdznych typ(
chovani, které mohou byt protichidné ovliviovany tymiz faktory. Takovy vliv maji napf. hladiny
hormond, jako je tomu v pfipadé testosteronu, ktery omezuje krmeni mladat a inkubaci a naopak
posiluje agresivitu pfi obrané hnizda. Hladinou testosteronu je ovlivnéna i velikost melaninovych
ornamentd, u samcl vrabce domaciho se jedna o skvrnu na hrudi. Pfi hledani signaliza¢ni funkce
tohoto znaku je proto nutné rozliSovat mezi jednotlivymi slozkami rodi¢ovské péce.

Daéle se projevila dileZitost metodického pfistupu ke studiu rodi¢ovskych investic. V pfipadé
antipredaéniho chovani ma vyznam piedev$im typ predétora a jeho vzdalenost od hnizda. Castd
nejednotnost v metodice totiz omezuje srovnatelnost jednotlivych studii. Vysledky experimentt

s rliznymi druhy predatorl ndm umoznily rozvinout hypotézu signalizaéni funkce ornamentu

a mobingu o poznatek, Ze vyhodnost tohoto chovani pravdépodobné zavisi na riziku plynoucim

z konkrétni situace a daném specializaci predatora.

PrestoZe jsme pfimo nestudovali pricinu poklesu populaci vrabcl domacich, miZzeme na zakladé
nasich vysledkd tvrdit, Ze pfipadny Ubytek bezobratlych v prostfedi mize zplsobovat nizsi
reprodukéni Uspésnost, a tak prinejmensim oslabit produktivitu populace. K odhaleni pficin Gbytku by
pravdépodobné pomohly i srovnéavaci regionalni studie, nebot trendy pocetnosti vrabce domaciho

v Evropé se rdzni.
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Nest defence intensity in House Sparrows Passer domesticus in relation to parental quality

and brood value

Alena Klvanova, Dita Horakova and Alice Exnerova
Department of Zoology, Faculty of Science, Charles University, Vini¢nad 7, CZ - 122 48

Prague 2, Czech Republic, e-mail: klvanova@birdlife.cz

Abstract

We investigated whether brood value (laying date, brood size, nestling age and condition) and
parental quality (condition, male badge size) affect experimentally provoked nest defence in
House Sparrows in the Czech Republic. We included the badge size (a melanin-based throat
feather patch) because it serves as a signal of social status, age and condition. We presented a
mounted Black-billed Magpie to 19 pairs of sparrows. To assess the defence intensity we used
the ,,risk index* increasing with time spent reacting and riskiness of the reaction (number of
approaches and attacks), while declining with increasing distance from the predator. Females
did not adjust their nest defence to the brood value and males did so only partially, tending to
defend the early broods more intensely, which marginally supports the “value of offspring
hypothesis”. The birds did not adjust their nest defence to quality or defence intensity of their
partners, thus the “differential allocation hypothesis” was not supported. Male nest defence
was more intense than in females and increased with male badge size. As male contribution to
nest defence may affect the breeding success, we hypothesize the badge size could be used as

a signal of nest defence intensity used by females.

Key words: Nest defence, House Sparrow, Badge size, Brood value, Black-billed Magpie

Suggested running title: Nest defence in House Sparrow
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Introduction

Parental care is a complex behaviour which enhances the offspring survival, in birds including
mainly nest building, incubation of eggs and brooding of nestlings, food provisioning and nest
defence (Clutton-Brock 1991). While nest predation is the most common cause of breeding
failure in birds (Ricklefs 1969), nest defence is an important component of parental
investment, because it can significantly reduce the loss of young taken by predators
(Andersson et al. 1980, Knight & Temple 1986, Hogstad 2005). However, this behaviour is
associated with several costs for parents including time and energy expenditure (Biermann &
Robertson 1983), risk of injury or death (Poiani & Yorke 1989). Therefore it is crucial for the
parents to balance costs and benefits in reaction to the predator to maximise their reproductive
success (Montgomerie & Weatherhead 1988). According to the “value of offspring
hypothesis” (Andersson et al. 1980, Clutton-Brock 1991) parents should adjust their
investment in nest defence to current brood quality as age and condition, because older
nestlings and those in better condition have higher chances for survival and thus are more
valuable for parents. Nest defence intensity should also increase with the brood size as the
benefits of deterring the predator will be positively correlated with nestling number (Wiklund
1990). Finally, the clutches laid sooner in the breeding season should be defended more than
later broods, because the former are usually more successful (Andersson et al. 1980, Clutton-
Brock 1991). Parental investment may also be affected by the individual quality of the parent,
while birds in better condition may invest more energy in defence (Hogstad 2005) and older
individuals may utilize their experience from previous encounters with predators and thus
provide more effective defence (Montgomerie & Weatherhead 1988). The intensity of nest
defence may also vary according to the sex of the parent resulting from different costs and
benefits of males and females due to different size, renesting potential or confidence of

genetic parentage (Montgomerie & Weatherhead 1988).
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In House Sparrow Passer domesticus, a sexually dichromatic and socially monogamous
species with biparental care, the nest defence behaviour was rarely studied, although in recent
decades this species attracted considerable attention as an ideal model for studies of parental
investment. Kopisch et al. (2005) investigated individual consistency of parental effort and
found no relationships between nestling feeding or brood size and nest defence. In a
population studied by Reyer et al. (1998) age and number of nestlings also had no effect on
nest defence. Their study took into acount the melanin-based throat patch of feathers (so
called badge) displayed by males and found that frequency of risky approaches to the predator
increased with badge size in males and decreased proportionally in their females. Thus
females benefited from the higher investment of larger-badged males, because they could
reduce their own effort. Therefore the authors discussed the possible function of badge as a
signal of parental investment. They supposed that more intense reaction of larger-badged
males was due to the fact that their certainty of paternity was higher than that of smaller-
badged males. However, the relationship between the badge size and the certainty of paternity
has not been supported by subsequent studies on different populations (Whitekiller et al.
2000, Veiga & Boto 2000, Stewart et al. 2006).

In many species with biparental care a signalling system has evolved, where certain male
traits correlated with condition or parental care may be used by females to choose high quality
partners in sexual selection (Andersson 1994). In birds often the plumage characteristics serve
as such traits (e.g. Hill 2002, Jawor & Breitwisch 2003). Many studies have aimed to find
correlates of badge size in House Sparrow. The results were reviewed in a meta-analysis by
Nakagawa et al. (2007a), who concluded that badge size signals status in social hierarchy, age
and possibly reflects body condition, but found little association between the badge size and
parental care, certainty of paternity or reproductive success. Therefore Nakagawa et al.

(2007a) stated that badge size does not signal parental care. However, they included only
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studies measuring parental care as time spent incubating and nestling provisioning, while nest
defence was not analysed because of the lack of studies on this topic.

Possible function of plumage ornaments as signals of nest defence intensity was studied in
two other passerine species. In Rock Sparrows Petronia petronia males increased their nest
defence not according to their own carotenoid-based breast patch size, but according to that of
their partners, independently of brood value variables (Griggio et al. 2003). This result does
not corroborate the ornament as a signal of male nest defence. However, since patch size in
female Rock Sparrows predicts their phenotypic quality (Pilastro et al. 2003), it is in
accordance with “differential allocation hypothesis” (Burley 1986). According to this
hypothesis individuals can enhance their fitness by increasing their parental investment in
offspring sired by a partner of high quality, because such offspring would be more viable
(Fisher 1930) or attractive (Moller & Alatalo 1999). Quesada & Senar (2007) investigated the
role of melanin- and carotenoid-based coloration in nest defence of Great Tits Parus major.
Males with larger black breast-stripe defended their nests more vigorously, while the yellow
breast coloration had no effect. Taken together, the results of Reyer et al. (1998) and Quesada
& Senar (2007) indicate that melanin-based ornaments may signal nest defence intensity. This
presumption agrees with the fact that they often correlate with individual’s fighting ability
and aggression (Jawor & Breitwisch 2003, Senar 2006, Ducrest et al. 2008). Compared to the
widespread function of melanin ornaments in intrasexual communication, their role in female
choice is less well supported because it is less clear what benefits females could gain by
choosing more melanized males (Griffith & Pryke 2006, Hill 2006). Mating with a healthy
partner might be such possible benefit as it was shown, at least in some bird species, that
melanin based coloration correlates positively with resistance to stressors, immune response
against nonpathogenic antigen (reviewed in Ducrest et al. 2008) and negatively with

ectoparasite load (Fitze & Richner 2002).
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As parental care is a complex behaviour, its components may be influenced in opposite
directions. Such a trade-off could be caused by male sex hormones (e.g. testosterone plasma
level on which melanocortins have a positive effect) supporting fighting ability (competition
for nest sites: Veiga 1993, Gonzalez et al. 2002, nest defence), while supressing other aspects
of parental care (nestling brooding and feeding: Mazuc et al. 2003). Given this presumption,
the lack of evidence of direct benefits for females choosing males with larger melanin
ornaments is not surprising, because the male parental behaviour that was extensively studied
(like brooding the nestlings, feeding frequency), is not positively associated with melanin-
based coloration on hormonal basis.

In the present study we aimed to analyze the variation in the nest defence in House Sparrows,
taking into account several features of parents (sex, condition, male badge size, partner’s nest
defence behaviour) and offspring (laying date, brood size, nestling age and condition) that

may affect the breeding success, and thus influence the intensity of nest defence behaviour.

Methods

Study area and population

Our study was conducted in the cow-shed in Veseli nad Luznici, Czech Republic (49°11'N,
14°41'E), during the breeding seasons 2005 and 2006. In autumn 2004 we erected 50 nest
boxes (25 x 15 x 15 cm) and monitored them every other day for signs of nesting activity
since April 2005. Once egg laying had begun, we checked the nests to determine the date of
hatching. When the nestlings reached the age of 10 days, they were ringed with aluminium
rings and marked with unique combination of plastic colour rings. Each nestling was weighed
using spring scale to the nearest 0.1 g and morphological measurements were taken (tarsus
and wing length). We caught the adults using mist nets and nest-box traps during feeding the

nestlings (May-June). The adults were ringed, weighed and measured in the same way as the
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nestlings. To estimate the condition of the birds we used the scaled mass index (Peig & Green
2009) computed separately for the males, females and nestlings (mean condition per brood
calculated from averaged nestlings” measurements). This index is based on mass and tarsus
length and recognizes the scaling relationship between different measures of body size. We
gathered data on 19 broods of individual pairs. However, we had information on condition
only of 16 females and 16 males, because we did not succeed to catch all individuals and
some of them escaped during manipulation before taking all the measurements needed.
Experimental procedures and behavioural observations

Prior to each trial we watched the colony for 15 min to make sure that both parents were
present and feeding the nestlings and that no disturbing event had happend. All trials were
conducted at an average of 9.21 £ 0.76 (3-14) days of age of the nestlings from the first
broods, between 12 and 30 June 2005 (7 nests) and between 12 May and 10 June 2006 (12
nests) during morning (6:00-11:00 GMT) or afternoon (15:00-19:00 GMT) when the birds
were most active. There was no effect of time of the day on the defence behaviour of the birds
(T-test: df = 36, t = 0.158, p = 0.875) measured as ,,risk index* (for explanation see below).
To induce defence behaviour we used mounted Black-billed Magpie Pica pica, a predator of
eggs and fledglings, which does not threaten the adult birds. We chose this predator species to
test parental investment and eliminate the probability of self-defence. Predator was fixed
directly on the roof of each nest box. All trials were recorded for 20 min from the arrival of
the first bird (after Reyer et al. 1998) to the vicinity of the nest (< 5 m from the nest box) with
a digital video camera JVC from a hiding place that was at least 10 m distant from the nest
boxes. To minimize the possible effect of habituation the next trial with neighbouring nest
box followed after at least 3 days interval. After exposition of the predator model one or both
parents of the nestlings from the nest box arrived and started to perform the reaction. The

male was the first one in 5 trials as well as was the female, while in remaining 9 trials both
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parents arrived together. The reaction was defined as the presence of the bird in the view, less
than 5 m from the predator model. The birds moved to and from the model alternately,
uttering alarm calls, and sometimes also flew over the model. During a 20 min trial each bird
arrived to the vicinity of the model and flew out of the view several times, which means that
each bird performed several reactions during one trial. When the parents did not detect the
predator together, the second bird arrived on average 93 + 43 s after the first one. Although
there was less than 20 minutes left for the reaction of the second bird, time spent reacting
within the trial did not differ between the first and second bird (Wilcoxon matched-pairs test:
N =10, T =19 Z=0.866, p = 0.386). The most risky reaction of the second birds was
performed on average 80 + 37 after their arrival, which was never later than 10 minutes after
the arrival of the first bird. We recorded the following variables of the reaction for each parent
observed during the trial:

1. Number of approaches. We distinguished approach to the predator model (< 5 m

from the model) with and without alarm calls.

2. Number of attacks. As an attack flight directly over the predator model was
considered.
3. Time reacting (s). Time the bird spent in view (< 5 m from the model) performing

approach or attack.

4. Distance (m). The mean distance between the bird and the predator model. We
estimated the distance from 1 to 5 m (to the nearest 1 m) each 10 s of the bird’s reaction.
From these distancies (1-5) we calculated mean distance during performance of each type of
behaviour (approach or attack) for each bird.

To assess the risk taking of individual mobbing reaction we used the ,risk index“ (RI)
(modified after Windt & Curio 1986; see also Brunton 1990):

RI =R (t/d)),
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where R is the rank value of defence behaviour r, t; is time spent in behaviour r, and d; is the
mean distance from the predator during t, (calculated from 10 s intervals of t;). The rank
values of defence behaviour were assigned according to its increasing degree of risk: 1.
approaches without alarm calls, 2. approaches with alarm calls, and 3. attacks. The risk index
assumes that risk increases with time spent reacting (t;) and rank value of the reaction (R),
while it declines with the distance from the predator (d;). In presented analysis the sum of risk
indices of all reactions performed by each idividual during 20 min of a trial was considered.
Latency was not analysed for the same reason as in Reyer et al. (1998), because it was
influenced rather by the foraging pattern than the nest defence, as the parents noted the
predator when returning to the nest with food.

Badge measurements

Badge size was estimated from detailed digital photographs. Males were photographed in
standard conditions laying on their backs when holding the bill perpendicular to the body
axis. Badge size increases with time because of the abrasion of white feather tips concealing
the badge (Moller 1987). Therefore we measured badge size from May onwards when it
should be almost fully developed (Moller & Eritzoe 1992). We measured the area (mm?) of
the “black™ and “total” badge in UTHSCSA Image Tool 3.0 program (University of Texas,
Houston, TX, USA, http://ddsdx.uthscsa.edu/dig/itdesc.html) (e.g. Quesada & Senar 2007).
The black badge is covered by completely black feathers, whereas the total badge involves
feathers with black bases and white tips, which gradually wear off (Meller & Erritzoe 1992).
The area of the total badge and the area of the black badge were highly correlated (correlation,
n=19,12=0.866, p << 0.001) (see also Griffith et al. 1999; Gonzalez et al. 2001). Griftith et
al. (1999) found that the measure of the total badge was more repeatable than the black badge.

Therefore we used area of the total badge (further on reported as badge size) in statistical
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analyses. Average total badge area (+ SE) of 19 males was 483.84 + 15.14 mm? (range 350-

628 mm?). All the measurements were done by the same person (A.K.).

Statistical analyses

We compared nest defence behaviour (time spent reacting, number of approaches with alarm
calls, mean distance from the predator, and risk index values) of males and females within the
breeding pairs by Wilcoxon matched-pairs tests. Number of approaches without alarm calls
and number of attacks were not compared because these were rather rare. To limit the overall
error in the set of tests to 5% we used the Bonferroni correction (oo = 0.0125 in individual
tests). We analyzed the factors influencing the defence behaviour separetely for males and
females. The intensity of nest defence was expressed as risk index value (RI). To find out
whether RI values were influenced by brood value and/or the quality and behaviour of the
parents and their partners we conducted analyses of covariance (ANCOVAS) with year as
categorical factor and laying date, brood size, nestling age, mean nestling condition per brood,
parent condition, partner's risk index and badge size (only in case of males) as continuous
predictors. The laying dates were expressed as a number of days from 1% April till the layig of
the first egg. To control for annual differences in timing, we set the median laying date of the
population for each year to zero and calculated the realtive laying date for each brood as the

deviation from “time zero” (after Rossmanith et al. 2007). We used forward stepwise variable

selection based on Mallows C, statistics to find a minimal adequate model which best
explained the variation in RI values without incorporating unnecessary non-significant
variables. Due to missing data about condition of several individuals, we cannot include the
partners condition into full model and its effect on RI values was tested separately using

simple regression.
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All dependent variables were normally distributed, except for the female risk index, which
had gamma distribution and was analysed in corresponding GLM with log-link function. All

statistical tests were performed using S-PLUS 4.0 software (MathSoft 1997).

Results

Mean laying date (= SE) at the 19 nests was 39.05 (£ 4.74) days and average brood size was
3.32 (£ 0.23) nestlings. Average weight of 10 days old nestlings in the nest was 23.37 g (£
0.87) and average tarsus length was 20.3 mm (£ 0.3). Average condition of nestlings was not
affected by laying date (simple regression: F =0.54, df =1, 17, p = 0.473).

Males spent longer time reacting than females, which resulted in higher risk index of males,
while the mean distance from the predator did not differ between the sexes (Table 1). The
number of males” and females” approaches with alarm calls did not differ after the application
of Bonferroni correction (Table 1).

Females” risk indeces did not relate neither to their condition nor the value of their broods
(Table 2). Males’ risk indeces increased significantly with their badge size (Pearson’s r =
0.537; Table 2, Fig. 1) and decreased marginally with laying date (Pearson’s r = -0.395; Table
2).

The risk index was not related to the partner’s risk index in either sex (Table 2) and females’
risk indeces were not affected by the badge size of their partners (Table 2, Fig. 1). Partner’s
condition had no effect on risk index in males (simple regression: df =1, 14, F =0.005, p =

0.946) nor in females (simple regression: df = 1, 14, F = 1.856, p = 0.195).

10
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Discussion

In this study we investigated nest defence behaviour of House Sparrows in respect to parental
quality (condition, male badge size) and the current value of their broods. In females neither
parameters of brood quality nor their own condition predicted their nest defence intensity.

In males the laying date was the only brood value variable which tended to affect their nest
defence intensity, but this effect was only marginally significant. The broods laid later in the
breeding season tended to be defended less intensely than the sooner broods. Thus the “value
of offspring hypothesis” (Andersson et al. 1980, Clutton-Brock 1991) was only partially
supported. Our results could further partially support the “relative offspring survival
probability hypothesis” (Curio et al. 1984), which predicts that sooner broods have higher
probability to survive than later broods and consequently are of greater value for the parents.
It is in contrast with “renesting potential hypothesis” (Montgomerie & Weatherhead 1988),
according to which the parents should increase their investment with the progress of the
breeding season, because their renesting potential decreases. As also both previous studies of
House Sparrow nest defence (Reyer et al. 1998, Kopisch et al. 2005) failed to reveal a
relationship between brood value and nest defence, we can only speculate that parents base
their estimates of brood value on other aspects, which were not investigated so far.
Concerning male quality parameters tested, there was no effect of condition on nest defence,
but risk index increased with badge size. More intense reaction of larger-badged males agrees
with finding of Reyer et al. (1998). They reported that risky approach to the predator
increased from small- through medium- to large-badged males. They explained this
relationship by higher possible confidence of paternity of larger-badged males, which could
contribute to their motivation to defend the nest more intensely. However, the recent meta-
analysis (Nakagawa et al. 2007a) did not support the relationship between badge size and

cuckoldry. Moreover, studies of other passerines, where the genetic fathers of the nestlings
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were known, found no effect of paternity on male nest defence (Lubjuhn et al. 1993, Griggio
et al. 2003, Rytkonen et al. 2007).

The explanation for male nest defence intensity increasing with badge size can reside in the
fact that birds with larger badges are in better physical condition (Veiga & Puerta 1996) and
can afford higher energy expenditure as well as better avoid the risk of injury. The same
conclusion was reached by Hogstad (2005) who found that Fieldfares Turdus pilaris in better
condition were more aggressive towards the predator exposed near the nest. However, in
House Sparrow the condition was found to correlate with the badge size only weakly
(Nakagawa et al. 2007a) and its effect on nest defence intensity was not found in our
population.

Larger-badged sparrows also are older (Nakagawa et al. 2007a, b). Owing to this finding our
result may just represent a relationship originating from the fact that older birds respond more
strongly than young birds due to their experience with a predator (Smith et al. 1984). In our
study the predator species was resident and often observed in the vicinity of the nest boxes
providing the opportunity for young sparrows to learn to recognise it as a threat early in their
life via social learning from their parents (Curio et al. 1978). Although we did not know the
age of the parents, most other studies of passerines have not found relationship between age
and nest defence (e.g. Winkler 1992, Hatch 1997).

Males with larger badges possess higher testosterone plasma levels mediating increased
aggressiveness, fighting ability and dominance status (Jawor & Breitwisch 2003, Senar 2006,
Ducrest et al. 2008, Buchanan et al. 2010). Higher circulating levels of testosterone arise from
pleiotropic effects of the genes regulating melanogenesis (Ducrest et al. 2008), further
including higher sexual activity, lesser sensitivity to stress, better antibody response and
higher metabolic rate (reviewed by Ducrest et al. 2008). These aspects might be also

associated with higher nest defence intensity. While for other males the melanin ornament is a
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useful signal for decisions whether or not to engage in antagonistic interactions, the females
could rather use the information on ability of the male to behave aggressively also towards the
nest predators. In our study males defended the nest more vigorously than their females,
which is in opposite with the results of Reyer et al. (1998). The usually mentioned
explanations for sex differences in defence as different body size, ability to raise offspring
alone, renesting potential or mortality (Montgomerie & Weatherhead 1988, Westneat &
Sargent 1996) do not seem to be plausible in House Sparrow (discussed in Reyer et al. 1998).
However females of this species usually spent more time incubating (Hoi et al. 2003, Bartlett
2005, Hotakova, unpubl. data) and achieve higher feeding frequency than males (Voltura et
al. 2002, Hoi et al. 2003, Hofakova, unpubl. data). Thus it could be possible that there is a
division of labor, when females and males contribute disproportionally in different
components of care, resulting in equal shares of both sexes in general level of care as
predicted in species with biparental care.

However, females mated to larger-badged males did not lower their investment, as was the
case in study of Reyer et al. (1998). Their study was carried out in the university campus,
where the predation pressure could be lower than at our rural study site. Further the authors
used mustelid predators, which threaten also the adult birds unlike the Black-billed Magpie,
which predates only the eggs and nestlings. We suppose these different conditions might
affect the nest defence behaviour of females.

In our experiments the females of larger-badged males did not invest more in nest defence as
predicted by the “differential allocation hypothesis” (Burley 1986). So in our population the
benefit for these females was above-average intensity of nest defence performed by their
partners and thus better protection of their nests. The value of nest defence to female is the
protection of her offspring. Even though we did not observe different predation rates of nests

in respect to badge size, studies of other passerine species confirmed that successful nests
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were defended more aggressively than nests that failed (Knight & Temple 1988, Weatherhead
1990).

Since nest defence can affect the breeding success (Knight & Temple 1986), we hypothesize
that the badge size may be a valuable signal of investment in this component of parental care
used by females in mate choice, especially in areas under high predation risk, where the
benefits from increased nest defence may exceed the benefits from increased food-
provisioning. To corroborate this assumption it would be necessary in the future to conduct
nest defence experiments in birds with manipulated badge sizes while controlling for other

possible effects as brood value or testosterone level.
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Summary

Parental investment may be affected by two main factors — the value of nestlings to parents
and quality of the individual parent. We investigated experimentally provoked nest defence
relative to these factors in a nest-box population of House Sparrows Passer domesticus. In
males the black throat patch of feathers (badge) serves as a signal of social status and age and
probably reflects condition. Because previous studies of information content of this ornament
have largely omitted nest defence, we included the badge size as a parameter of male quality.
We presented a mounted Black-billed Magpie Pica pica, a predator of eggs and nestlings, to
19 pairs of sparrows during the breeding seasons 2005-2006. To assess the intensity of
individual defence we used the ,,risk index* increasing with time spent reacting and riskiness
of the reaction (frequency of approaches with and without alarm calls and attack flights),
while declining with the distance from the predator. Males defended their nests more
vigorously than their females (Table 1) and increased the intensity of nest defence with their
badge size (Table 2, Fig. 1). We found no factors explaining the variability in female nest
defence, as they did not adjust their investment neither to brood value nor their own condition
(Table 2). Males adjusted their nest defence to the brood value only marginally, tending to
defend early broods more vigorously than broods laid later in the season, but not in respect to
other brood parameters (Table 2). Therefore the “brood value hypothesis” was only partially
supported. Neither males nor females adjusted their nest defence to the quality or parental
investment of their partners (Table 2), so we could not support the “differential allocation
hypothesis™ in this species. Because of more intense reaction of larger-badged males we
suggest that the badge predicts the male investment in nest defence. We further hypothesize
that the melanin-based ornament could be used as a signal of this component of parental care
by females. This could be true mainly in sites under high predation pressure, where male

contribution to nest defence may affect the female breeding success.
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Table 1

Comparison of male and female nest defence variables. Bonferroni correction was applied for

the four variables of nest defence, p < 0.0125 are in bold. Descriptive statistics (mean = SE)

and Wilcoxon matched-pairs test results are given (n = 19).

Variable Males Females Z p
Time spent reacting (s)  456.95 + 65.70 224.63 + 66.26 2.576 0.010
Number of approaches 5.47 +0.82 3.42+0.95 2.249 0.025
with alarm calls

Mean distance (m) 259+0.18 297+0.3 0.776 0.438
Risk index 744.34 +105.37 324.54 £ 108.91 2.857 0.004
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Table 2

Results of analyses of covariance (ANCOVASs) of an effect of year of study, laying date,
brood size, nestling age and condition, males’ badge size, parents’ own condition and their
partners’ risk index on the value of risk index of male and female House Sparrows.
Significant tests (a. = 0.05) are in bold. Full model includes all response variables, minimal

adequate model is a result of forward variable selection.

ANCOVA (n=16) Male Female

Variables df F p df F p
Full model

Year 1,14 0.033 0.861 1,14 1.522 0.257
Laying date 1,13 3471 0.105 1,13 0.386 0.554
Brood size 1,12 0.005 0.945 1,12 0.078 0.788
Nestling age 1,11 0.755 0.414 1,11 0.409 0.543
Nestling condition 1,10 0.524 0.493 1,10 0.308 0.596
Parent condition 1,9 0.953 0.362 1,9 0.604 0.463
Partner’s risk index 1,8 2591 0.152 1,8 4,245 0.078
Male badge size 1,7 6.462 0.039 1,7 0.906 0.373

Minimal adequate
model
Male badge size 1,14 6.060 0.029

Laying date 1,13  3.991 0.067
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Fig. 1 Risk index of reactions to a stuffed Black-billed Magpie of 19 House Sparrow males

(black dots, solid line) and 19 females (open squares, dashed line) in relation to the black area

of male badge.
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Abstract

We investigated mobbing behaviour in house sparrows under different level of threat to test
hypotheses on the function of this anti-predator strategy. We exposed three different stuffed
predators to induce mobbing reaction in 10 separately breeding colonies. To assess mobbing
intensity we used the ,risk index” increasing with time spent reacting and riskiness of reaction
(number of approaches and attacks), while declining with increasing distance from the
predator. The birds reacted simultaneously in a group and discriminated between the
predators. They increased the intensity of reaction with decreasing level of threat from
sparrowhawk through little owl to black-billed magpie. The results support the “parental care
hypothesis” as the nest predator was mobbed most intensely. Males mobbed the magpie
more intensely than females, while the sparrowhawk and the little owl were mobbed with
same intensity by both sexes. Male mobbing intensity towards magpie and little owl increased
with size of the mobber’s badge - a breast patch, which signals dominance and was previously
proposed as a signal of nest defence. However, sparrowhawk was mobbed independently on
badge size. The “signalling hypothesis” appears to be plausible but this function of mobbing is

affected with level of threat posed by the predator.

Keywords
House sparrow; Passer domesticus; Mobbing; Predator discrimination; Badge size; Quality

signalling

Introduction
Colonial breeding in birds involves several advantages including collective nest defence during
the breeding season and thus better protection from predators (Lack 1968; Krebs and Davies

1993). In the colony, the approaching predator is detected sooner thanks collective vigilance
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(Elgar 1989). The risk taken by a single bird while facing the predator is diluted among all
colony members (Hamilton 1971; Brown and Hoogland 1986; Cresswell 1994). As predation is
one of the most common causes of nesting failure in birds (Ricklefs 1969), to avoid it is a key
parental strategy enhancing the breeding success (Montgomerie and Weatherhead 1988).
Intensive nest defence usually results in higher fledging success (e. g. Wiklund 1990;
Tryjanowski and Gotawski 2004; Hogstad 2005), even if some authors did not support this
conclusion (Hatch 1997; Arnold 2000). Mobbing is a special type of antipredator behaviour,
when several individuals join the group and approach the predator, typically flicking their
wings and tails while uttering specific alarm calls (Curio 1978). This behaviour significantly
reduces the risk of predation (Pettifor 1990; Pavey and Smyth 1998), but involves several costs,
too. It is time and energy consuming (Biermann and Robertson 1983; Winkler 1994), may
result in the mobber’s injury or even be lethal (Myers 1978; Poiani and Yorke 1989; Motta-
Junior 2007). In addition, it helps the predator to localise the nest (McLean et al. 1986).
Regarding a plenty of hunting techniques and prey specializations in different predators it is
adaptive for the birds to adjust their mobbing strategy to the level of threat which a particular
predator poses (Kruuk 1964; Andersson et al. 1980) either to them (Buitron 1983; Dale et al.
1996) or to the nest (Ghalambor and Martin 2000). Other potential effects on mobbing
intensity during the breeding season include sex of the mobber and season stage. Balancing
the costs and benefits of defence strategy may result in different behaviour of males and
females because of different investment, certainty of paternity, body mass, aggressiveness or
conspicuousness (Montgomerie and Weatherhead 1988; Kotiaho 2001). The cues of nest
defence may also vary in the course of the breeding season due to changing renesting
potential or offspring quality in sense of parental investment theory (Montgomerie and

Weatherhead 1988).
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Ostreiher (2003) resumed a number of hypotheses stated to explain the adaptive value of
mobbing either as altruistic behaviour (e. g. Curio 1978; Pavey and Smyth 1998), part of
parental care (e. g. Curio 1978) or selfish behaviour (e. g. Slagsvold 1984).

Mobbing in house sparrow Passer domesticus, L. was described several times (Wilson 1978;
Cramp and Perrins 1994). As a multi-brooded colonial passerine showing conspicuous sexual
dimorphism it is an ideal model species for testing hypotheses on mobbing behaviour during
the breeding season. Moreover the males bear black melanin-based throat patch of feathers,
so called badge, which serves as a known signal of dominance (Nakagawa et al. 2007) and
enables to distinguish the social status of the bearer. In previous study of another house
sparrow colony we showed that males defended the nest predator more intensely than
females and increased the defence intensity with their badge size, but irrespective to the
season stage (Klvariova et al. in press). The aim of present study was to test whether the
mobbing strategy is stable or it varies under different threat associated with predator type
while controlling for the effect of sex of the mobber and stage of the breeding season. We
considered two, not mutually exclusive, hypotheses explaining mobbing behaviour in colonially
nesting house sparrows. First, if mobbing is rather a part of parental care, sparrows mob the
predators to drive them away from the nest (Curio 1978). Prediction derived from the
“parental care hypothesis” was that both parents should mob more intensely the nest
predator than the predator of adults. Alternatively, if mobbing is rather a selfish behaviour,
sparrows mob to advertise their social status to other males (Slagsvold 1984; Moholt and Trost
1989; Dugatkin and Godin 1992). Under the “status signalling hypothesis” we predicted that
males should mob more intensely than females, but regardless the season stage and predator
type. Additionally we predicted that males with larger ornaments, i. e. dominant individuals,

mob all predators more intensely than less ornamented ones.
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Materials and methods

The experiments were carried out in two breeding seasons from April to July 2002 and 2003.
We observed ten separate house sparrow colonies of 6-8 pairs nesting on buildings in different
districts of Prague, Czech Republic (49°88'N, 14°47'E). The colonies were distant from each
other and did not communicate during the breeding season. We chose localities which
resembled each other in immediate surroundings of the colony. There was a similar offer of
perches (i.e. twigs, fences, wire and so on) in the equivalent distance from the nests. Owing to
this experimental design all the birds had equal opportunity to react to the predator. The birds
were not trapped. We estimated the breeding status visually by observation the parents
provisioning their young. We conducted the trials when the parents were feeding either their
first broods (25 April-28 May; 15 trials with 5 colonies), or the second broods (18 June—27 July;
15 trials with another 5 colonies).

We used three mounted predators of different threat to induce the mobbing reaction. Each
predator was exposed to every observed colony only once in random order, which resulted in
30 trials. As the most dangerous predator we considered the female sparrowhawk Accipiter
nisus, which threat primarily the parents (Gotmark and Post 1996), but occasionally it was
observed to pull out young from the nest hole (Klvariova and Horakova, personal observation).
The little owl Athene noctua also poses a threat both to fledglings and adults (Angelici et al.
1997) but during the day it is passive and stressed by mobbing (Flasskamp 1994), and so is less
dangerous. The black-billed magpie Pica pica, predator of nests and fledglings (Tatner 1983),
does not threaten the adult birds and thus represents the lowest risk for adults. Before each
trial we watched the colony for 15 min to make sure that majority of the flock was present,
birds were feeding the young and no disturbing event (e.g. distraction by people, predator
attack) had happened. Each predator model was fixed facing the building the nests were

placed on, in constant distance of approximately 5 m from the nests. As soon as the predator
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was detected by a colony member, we began to record the mobbing reaction for 25 min. To
minimize the possible effect of habituation the next trial with the same colony followed after
at least 3 days.

All trials were recorded with a VHS videocamera JVC from a hiding place distant at
least 5 m from the model. During the trial colony members were alternately changing their
roles. The active mobbers approached the predator with alarm calls and flew over it, while the
passive mobbers called from distant hidden place in a group, where it was not possible to
count their number or determine their sex exactly. Therefore only the reactions of active
mobbers were analysed. We noted the following variables for each mobbing reaction observed
during the trial:

Sex of the mobbing bird.
Type (rank value) of the reaction. We distinguished three types of reaction - silent approach
(rank value 1), more risky approach with alarm calls (rank value 2) and attack, characterised by
straight flight towards the predator (rank value 3).
Time reacting (s) the active bird spent in view (< 5 m from the model).
Distance (m). We estimated the distance between the bird and the predator model from 1 to 5
m (to the nearest 1 m) each 10 s of the bird’s reaction. From these distancies (1-5) we
calculated mean distance during performance of each type of behaviour (approach or attack)
for each bird.
To assess the intensity of mobbing reaction we used the , risk index” (RI):

Rl =R (tr/dr).
The value of Rl increases with time spent reacting (tr) and rank value of the reaction (R), while
it declines with the distance from the predator (dr) (modified after Windt and Curio 1986; see

also Brunton 1990).
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Because the birds were not marked, we were not able to distinguish them on individual basis.
Thus we considered the mean male and female Rl (sum of Rl of all reactions performed by
males/females during one trial divided by the number of male/female mobbers). The number
of mobbers was the highest number of birds observed mobbing simultaneously during the
trial.

Badge measurements

The active mobbers were recorded in detail using a camera with long focal-length zoom lens
(see also Bartlett et al. 2005). The videorecords of each trial were played in ATI Multimedia
Player on a standard videorecorder connected to PC. The birds were photographed during
their reaction in zoomed detail in a frontal view facing the observer using Photoshot function.
Our trials took place in the advanced phase of the breeding season, when majority of white
feather tips are worn off and the badge has its final size (Mgller and Erritzoe 1992). We
categorized the males within each colony as small-, medium- or large-badged according to the
visually estimated black feather patch size relative to other male colony members (after Reyer
et al. 1998; see also Mgller 1987). To prevent pseudoreplication we considered only the first
reaction of male from each category in a trial, because we were not able to distinguish the
individuals within a badge-size category during analysing the records of trials perfectly. Thus
we considered only three male reactions from each trial for the analysis of the effect of the
badge size on male mobbing.

Statistical analyses

The intensity of mobbing was expressed as sex-specific risk index value (RI). To find out
whether intensity of mobbing reaction was influenced by stage of the breeding season, sex of
the mobber and predator type, while controlling for the effect of the year, we conducted

repeated-measures analyses of variance (ANOVA) with predator type as repeated within-
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subject effect. Risk index values were normally distributed. Differences between the three
predator types were tested by Fisher’s Least Square Difference test.

To find out whether the effect of male mobber’s badge size on his mobbing intensity was
stable we conducted analyses of variance (ANOVA) separately for each predator species. The
male risk index values had gamma distribution and were analysed in corresponding GLM with
log-link function.

Statistical tests were performed using STATISTICA 6.0 (StatSoft, Inc. Tulsa, USA) software.

Results

House sparrows reacted to all exposed mounted predators in a group. Mean number (+ SE) of
active mobbers in a trial differed between the predator types. The largest proportion of colony
members reacted towards magpie - 79% (t 6), towards little owl it was 50% (* 7) and towards
sparrowhawk 35% (x 6). During the trial active mobbers occurred on exposed perches being
potentially visible for the predator and performed typical movements: spreading and flicking
their wings and tails, alternately approaching and retreating the predator, occasionally flying
straight towards it but they never performed any physical contact with it. The risk index
differed with sex of the mobber and predator type (Fig. 1), but not in respect to the year or
stage of the breeding season (Table 1). Approaching the magpie, the sparrows risked
significantly more than in reaction to sparrowhawk (Fisher LSD post hoc test: P < 0.001, df =
24) and little owl (Fisher LSD post hoc test: P = 0.011, df = 24). The sparrowhawk was mobbed
yet less intensely than the little owl (Fisher LSD post hoc test: P = 0.013, df = 24). Although the
interaction of predator type x sex was not significant, based on post hoc tests we found that
only in trials with magpie mobbing by males was more intense than by females (Fisher LSD

post hoc test: P = 0.003, df = 36), while the sparrowhawk (Fisher LSD post hoc test: P = 0.883,
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df = 36) and the little owl (Fisher LSD post hoc test: P = 0.180, df = 36) were mobbed with the
same intensity by both sexes.

Further we examined the relation between badge size and mobbing intensity of males to
individual predators separately. Risk index of reaction increased with badge size in trials with
magpie (ANOVA: Wald. Stat. = 11.37, df = 2, 29, p = 0.003) and little owl (ANOVA: Wald. Stat. =
16.90, df = 2, 29, p < 0.001), whereas sparrowhawk was mobbed independently on badge size

(ANOVA: Wald. Stat. = 1.99, df = 2, 17, p = 0.370).

Discussion

During experimental exposure of different mounted predators to breeding colonies, house
sparrows reacted in all trials as a simultaneously mobbing group. The birds were alternately
changing their roles of active and passive mobbers as was described also in other mobbing
species, e. g. barn swallow Hirundo rustica (Shields 1984). This is in a sharp contrast with the
previous studies of house sparrow’s nest defence, where the predator models were placed
facing a nest box or directly on it and only the nest owners reacted as active mobbers (Reyer et
al. 1998; Klvarova et al. in press). Regarding this discrepancy, we assume that the decision
whether to join mobbing depends also on predator’s distance from the nest. The importance
of predator distance was highlighted in previous studies - however, it usually had a negative
effect - the mobbing intensity increased near the nest, because it was already detected by the
predator (Zimmermann and Curio 1988; Kleindorfer et al. 2003). Placing the predator model
on the nest box probably represented a situation when it already chose the prey and thus only
the nest owners were motivated to defend. Conversely, when the predator was placed 5 m
from the colony, all the nests had the same probability to be chosen and predated and thus all
the breeding birds had the same motivation to mob the predator. Thus we assume that in the

latter case it was rather a group of selfish pairs defending their own offspring than a social
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group of altruists putting themselves into risk of predation for the benefit of whole colony.
Horn (1968) proposed a similar conclusion for group mobbing in colonial Brewer’s blackbird
Euphagus cyanocephalus, and explained it by overlap of the average radius each bird defends
around its nest.

The type of the predator appeared to be an important aspect in sparrows’ decisions on
mobbing behaviour. The number of mobbers as well as the mobbing intensity decreased as the
risk of injury or death increased. Our results support the hypothesis that the birds adjust their
defence strategy to the potential threat posed by different predators (Pettifor 1990; Shedd
1982). The predator of eggs and nestlings, represented by the magpie, was mobbed with the
highest intensity. The black-billed magpie invaded cities of Central Europe including Prague
during recent two decades (Fuchs et al. 2002). It preys on eggs and nestlings of small
passerines but does not threat the adults (Cordero 1991). The more risky reaction to the nest
predator than to the predator of adults was observed also in the colonies of gulls Larus spp.
and terns Sterna spp. (Clode et al. 2000) or red-winged blackbirds Agelaius phoeniceus (Knight
and Temple 1988) and supports the hypothesis, that mobbing is a part of parental care
because its main beneficiary is the offspring. Sparrows distinguished not only the predators of
the nests and adults but also between the two adults” predators. This ability was shown also in
other prey species, e. g. the great tits Parus major (Curio et al. 1983). Variability in perceived
risk was probably caused by different hunting technique of the two raptors (Bildstein 1982;
Pettifor 1990). The little owl belongs to important house sparrow’s predators (Cordero 1991).
Although recently it has almost disappeared from Prague (Fuchs et al. 2002) it was still
perceived as dangerous by sparrows. Despite its nocturnal activity and stress caused by
mobbing (Flasskamp 1994), it may probably injure the mobbing adults as it was described in
other owl species (Motta-Junior 2007), and therefore was mobbed less intensely than the

magpie. However, due to the owl’s reduced ability of orientation during the day it is less likely
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to catch the flying prey than is the sparrowhawk, which was mobbed with the lowest intensity.
House sparrows form a notable proportion of the food of this raptor (Cramp and Perrins 1994)
and to harass it apparently incur the highest risk.

Males mobbed generally more intensely than females which was pronounced in reaction to
the least dangerous predator, the magpie, while the owl and the sparrowhawk were mobbed
equally by both sexes as in other species with biparental care (Greig-Smith 1980; Buitron 1983;
Knight and Temple 1986). Lotem et al. (1998) proposed that there may be an overlooked
signalling component of nonsignalling behaviour, e. g. parental care behaviour. If this was true
in house sparrows mobbing, 1) its intensity should be considerably higher than could be
explained if it was performed solely to drive the predator away and 2) the level of
exaggeration of mobbing intensity should be related to quality of an individual, as required by
a handicap principle (Zahavi 1975; Lotem et al. 1998). We suppose that the latter condition
was fulfilled by observed risk index values reached by active mobbers which demonstrates
their ability to sustain increased time and energy expenditure. To prove the former condition
to demonstrate the signalling effect is more difficult. However, we suggest that this could be
indicated by the fact, that only in trials with magpie the males reacted significantly more
intensely than females. As the other two predator models were mobbed equally by both sexes,
we can regard the intensity of female mobbing as sufficient to distract the predator and the
increase in male mobbing to magpie as a surplus intended for other individuals to use as a
source of information. Mobbing the magpie could entail well balanced risks and rewards for
signalling, because it poses only low risk of injury, but to mob it is still time and energy
consuming.

Furthermore, we found that the relation between mobbing intensity and badge size (Reyer et
al. 1998; Klvanova et al. in press) varied with different predator species. The effect of badge

size on mobbing intensity was apparent in reaction towards magpie and little owl, but not to
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sparrowhawk. We conclude that dominant males defended more intensely against both nest
(magpie) and adult (owl) predators, but if the risk of injury or death for adults was too high
(sparrowhawk), the differences between larger- and smaller-badged males disappeared.
However, this outcome may be influenced by relatively low sample size in reaction to
sparrowhawk, which was caused by rather moderate reactions to this predator or passive
mobbing in the cover, where it was not possible to record the bird’s badge size. The more risky
reaction of males to the nest predator than to the predator of adults was observed also in red-
winged blackbirds (Knight and Temple 1988). The most aggressive males had also the best
mating success (Knight and Temple 1988).

We assume that mobbing the predator could serve also as self-advertisement. However, we
cannot distinguish exactly whether the males were signalling rather the social status to other
males or parental quality expressed as the ability to defend the nest to the current and
potential mates, because both male and female colony members joined the mob and
represented the audience. Nevertheless, the status-signalling component in mobbing
behaviour could be supported by the fact that its intensity did not differ during the breeding
season. As house sparrows are sedentary and occupy the same home ranges almost year
round (Anderson 2006), it appears adaptive to signal the social status to colony members at
each season stage.

It was previously suggested that in social species colony members could demonstrate their
dominance and quality towards conspecifics through mobbing ability (e.g. Maklakov 2002),
perhaps helping to obtain extra-pair copulations (Slagsvold 1984). However the willingness to
do so appears to decrease with the actual danger posed by the predator as the benefits from
this behaviour diminish.

Based on our results we conclude that mobbing in house sparrows is mainly a part of parental

care which probably contains a signalling component. We further corroborate the importance
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of predator species used in experimental studies of nest defence (Clode et al. 2000) as well as

the distance of the model from the nest (Kleindorfer et al. 2003).
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Table 1 Effects of predator type, stage of the breeding season and sex of the mobbing house

sparrows on the risk index of the reaction towards the stuffed black-billed magpie, little owl

and sparrowhawk. Year was entered as a random variable into the model. Results of repeated

measures analysis of variance (ANOVA) are given; p < 0.05 are in bold. All interactions were

non-significant (all p > 0.09).

Variables df F p
Predator type 2,19 15.195 0.00005
Season stage 1,19 0.117 0.739
Sex 1,19 9.043 0.011
Year 1,19 0.079 0.784
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Fig. 1 Box and whiskers plot of the mobbing intensity expressed as risk index reached by
breeding male (white boxes) and female (black boxes) house sparrows in reaction towards
stuffed predators of different threat. Boxes indicate mean + SE, whiskers indicate + 95%

confidence interval.
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Fig. 2 Box and whiskers plot of the mobbing intensity expressed as risk index of male house
sparrows in reactions towards stuffed predators of different threat in respect to the badge size
of the mobber; white boxes are for large-badged, shaded boxes for medium-badged and black

boxes for small-badged males. Boxes indicate mean + SE, whiskers indicate + 95% confidence

interval.
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Summary

Capsule

The nestlings of House Sparrows fed by higher amount of food and animal component in the diet
reached better condition.

Aims

To investigate what foods are important to nestlings of different age in rural environment of central
Europe and whether the diet affects the condition of the nestlings.

Methods

We analysed 210 faecal samples from 106 nestlings of 31 broods to evaluate nestling diet during the
breeding seasons 2008 and 2009 in a nest-box colony on a farmstead in south Bohemia.

Results

Faecal sacks contained 362 identifiable animal food objects belonging to five arthropod orders. The
nestlings were fed primarily by beetles (mainly Scarabeidae) and Diptera (mainly muscids and
tipulids). The total amount of food provided by parents to a particular nestling was higher in older
nestlings due to increase in total mass of plant component, while total mass of animal component
did not differ between age categories. The total amount of food, mass of animal component and
marginally the abundance of Coleoptera in the diet of older nestlings were positively related to
nestling body condition.

Conclusions

To compensate increasing demands of older nestlings the parents increased the mass of plant
material in the diet. This might be caused either by some upper limit to which they are able to catch
invertebrate prey, or by growing nestlings” preferences for plants. The effect of food amount and
animal component in nestling diet on their condition stressed the importance of arthropods for

breeding success.
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Introduction

Common factors influencing breeding success are resource availability and weather conditions (Lack
1954). In birds, food supply during the breeding season is a particularly important determinant of
fledgling condition and survival (e. g. Anderson 1977, Hochachka & Smith 1991, Naef-Daenzer &
Keller 1999, Rossmanith et al. 2007). Nutrition at the nestling stage may affect fitness later in the life
of the birds (Metcalfe & Monaghan 2001). Low-quality diet poor in nutrients may reduce growth
rates in the nestlings of passerines (Johnston 1993, Birkhead 1999). Variable proportions of different
prey types (Wright et al. 1998) or the presence of particular key prey in the nestling diet is likely to
affect the reproductive performance. Thus, caterpillars are important components in the nestling
diet of the Lesser Spotted Woodpecker Dendrocopos minor, positively affecting their body mass
(Rossmanith et al. 2007), insect larvae increase the condition in young Skylarks Alauda arvensis
(Donald et al. 2001) and lipid-rich fish are needed for successful recruitment in young Red-legged
Kittiwakes Rissa brevirostris (Kitaysky et al. 2006). Finally, in the Blue Tits Cyanistes caeruleus the
presence of spiders in the nestling diet influence risk taking behaviour and performance in spatial
learning task via high levels of amino-acid taurine (Arnold et al. 2007).

As the breeding success determines population stability (Haig et al. 1993) its reduction may cause the
decline of a population, too (Vincent 2005, Baillie et al. 2007, Peach et al. 2008). In House Sparrows
Passer domesticus, L. reduced breeding success may be caused by low chick condition resulting from
their starvation due to lower availability of invertebrate food (Mitschke et al. 1999, Vincent 2005).
Peach et al. (2008) showed that low reproductive output in a British population was associated with
high proportions of vegetable material in nestling diet and low aphid (Aphidoidea) densities within
the home ranges of their nests. This way the lack of appropriate nestling food might contribute to
the large decline of House Sparrow populations, which they have experienced during last decades in
many European countries (e.g. PECBMS 2010). The factors determining this negative population

trend have been widely discussed (Siriwardena et al. 2002, Anderson 2006) including agriculture
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intensification (Hole et al. 2002), predation risk (MacLeod et al. 2006), air pollution (Peach et al.
2008) and general habitat changes (Summers-Smith 1999).

Nestling food of House Sparrows comprises only invertebrates during first three days of life
(Summers-Smith 1963). Since then the proportion of animal component decreases gradually and
after fledging the diet becomes almost entirely vegetable (Mueller 1986). The studies of food
composition (reviewed in Anderson 2006), based mainly on analyses of faeces or neck collar samples,
showed, that the animal material consists mainly of insects and in a lower rate also of spiders. Most
common insect groups are beetles, caterpillars, flies, and grasshoppers and crickets, sometimes
accompanied by aphids and ants. The plant material consists mostly of various grains and seeds. The
composition of nestling food changes geographically and seasonally with the availability of particular
prey species (e.g. Encke 1965, Anderson 1984).

Published studies on diet composition of European House Sparrow nestlings come from Bulgaria
(Simeonov 1964), Germany (Encke 1965, Mitschke et al. 1999), Great Britain (Seel 1969, Vincent
2005) Romania (lon 1971) and Poland (Wieloch 1975). In the Czech Republic the food of nestlings
was not studied and other diet analyses from Central and East Europe have arisen several decades
before the population started to decline. In this paper, we aimed to explore what foods are today fed
to nestlings in a Central European rural environment. We investigated the influence of food amount
and diet composition on nestling prefledging condition to reveal, if these factors might affect the

breeding success also in this region.

Materials and Methods

Study area and population

Our study was conducted on the farmstead in Veseli nad Luznici, Czech Republic (49°11'N, 14°41'E).
Habitat composition was mapped within a 200 m radius of the buildings with nest boxes, because

adults usually do not forage farther from their nests (Summers-Smith 1963; personal observation on
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study site). Almost half of the surrounding area was composed by grassland (47%), over one-third
was built-up or covered by concrete (22%) and dung-yard (11%). Another 10% consisted of broad-
leaved trees. Shrubs and arable farmland provided both 4% of the radius, although the fields were
found on much larger area around the farm. Remaining 3% consisted of the coniferous trees. Settled
area was situated in the minimal distance of 300 m. In 2004, we erected 50 nest boxes (25 x 15 x 15
cm) on the farm buildings 4-5 m above ground level. For this study we gathered data on 31 broods
during the breeding seasons 2008 and 2009 (16 broods each year). The nest boxes were monitored
every other day for signs of nesting. Once egg laying had begun, we checked the nests to ensure the
date of hatching. To control for annual differences in timing, we set the median laying date of the
population for each year to zero and calculated the relative laying date for each pair as the deviation
from “time zero” (after Rossmanith et al. 2007). When the nestlings reached 10 days, they were
ringed with aluminium rings and marked with unique combination of plastic colour rings. Each
nestling was weighed using spring scale to the nearest 0.1 g and its left tarsus and wing length were
measured to the nearest 1 mm. To estimate body condition of nestlings we used the residuals from
linear relationship between the logarithm of tarsus length and the logarithm of body mass (Fy 104 =
40.2, p < 0.0001, R*=0.28; Bradbury et al. 2003, Schulte-Hostedde et al. 2005).

Diet analysis

We used faecal samples to evaluate nestling diet (Moreby & Stoate 2000), although we are aware of
several problems associated with this method. Some items cannot be detected in the sample
because their high digestibility (Ralph et al. 1985). Therefore, especially invertebrates with few hard
body parts, such as aphids or ants, are probably underestimated. However, this bias is not always
remarkable (Poulsen & Aebischer 1995, Moreby & Stoate 2000) and this method is almost stressless
for the nestlings (Brickle & Harper 1999). Our aim was to test an effect of nestling food on their body
condition rather than to describe composition of their diet in detail. We took food samples from all

nestlings twice during the breeding attempt: at the nestling age of 4-6 days (younger age) and 9-11
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days (older age). Nestlings commonly produced faecal sacs when handled. We analyzed 210 faecal
sacs (112 from 54 nestlings in 2008 and 98 from 52 nestlings in 2009). In these 362 food objects were
recognized. As a food object any arthropod body part was considered.

After collection, fresh droppings were conserved in vials of 70% ethylalcohol. Data were pooled
within broods for analysis to avoid pseudo-replication. For examination, the contents of each faecal
sample were deposited into a petri-dish. The underside of the dish was scored with radial lines at 10°
intervals giving 36 equal segments. The contents of each faecal sample were placed on the dish with
a small amount of ethanol, spread evenly across the 36 segments and inspected at 30 x magnification
using a binocular microscope. By rotating the dish through 360° it was possible to search the entire
contents and the food objects found in each section were recorded (following Green & Tyler 1989,
Vincent 2005).

First we separated the animal and plant fractions. Plant material was dominated by soft, easily
digestible cereal grains, which did not allow quantifiable comparison with arthropod remains.
Therefore, we weighed both animal and plant component of each sample. For comparison of these
two components we considered only their weight.

For identification of the arthropods we followed Calver & Wooller (1982) and Ralph et al. (1985). The
number and type of food objects, such as legs or mandibles were recorded. For each of the main
arthropod groups encountered the following body parts were counted (after Vincent 2005):
Coleoptera (beetles) — head, mandibles, legs, elytrae; Diptera (flies) — heads, wings, legs;
Heteroptera: head, wings, legs; Cicadomorpha: head, wings, legs; larvae: head; Araneae (spiders) —
head, chelicerae, leg tips.

Identifiable parts were then matched to approximate the number of individuals occurring in each
sample (e.g. two mandibles and/or up to six legs represented one beetle). As the majority of
arthropod pieces were too fragmented to be counted and identified, we calculated percent

composition of the contents from the identifiable material only. These percentages are not true
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representations of the diet composition of House Sparrows nestlings but are proportions of the
identified material that remained intact throughout the digestive process. We identified arthropods
to the lowest taxonomic level possible. To assess the relative abundance of individual taxa we
followed Calver a Wooller (1982). The most abundant arthropods were summed into three
categories for statistical analyses. These were Coleoptera adults, Diptera adults, and Larvae
(Scarabeidae and Diptera).

We measured the frequency (%) with which each taxon occurred in each faecal sample, and we
calculated abundance of individual taxa relative to the other taxa detected (%).

In contrast to animal remains, abundance of plant parts in samples could not be accurately estimated
due to digestion. Therefore we weighed the dry plant parts on analytical balance.

Statistical analyses

We employed common statistical procedures such as ANOVA and linear regression to test
hypotheses. For testing age differences in food composition and effects of food composition on body
condition we used simple mixed effect models and random factors to rule out repeated measures
and pseudo-replications. Group data are presented as mean + SE.

First, we tested the relationship between age categories of the nestlings and total mass of food
provided by parents to one nestling. We built up a simple linear mixed effect model containing total
mass of food as dependent variable, age categories as factor and nest identity (to filter out repeated
measures) nested within years as random factors.

Further, we looked for differences in abundance of three major categories of animal diet (i.e.
Coleoptera adults, Diptera adults, and Larvae) between two age categories of the nestlings. For each
animal diet category, we calculated an average number of individuals of given group of arthropods
per nestling in the nest. We tested the effect of nestling age separately on abundance of each of
three animal diet categories. Employed linear mixed effect models contained age category as a factor

and nest identity nested within years as random factors.
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At older age the body mass estimates were taken from each nestling. Therefore we were able to test
whether food composition and total mass of food during the development of nestlings influenced
their prefledging body condition. The relationship between food composition and condition was
tested separately for younger and older nestlings. We built up linear models with condition as
dependent variable and food composition characteristics and year as independent variables/factors.

All statistical tests were performed using in R 2.12.0 (R Development Core Team 2010).

Results

We investigated diet composition and its effect on nestling condition during two breeding seasons in
2008 and 2009. Between years, relative timing of breeding was not significantly different (main
effects ANOVA, F =0.148, df = 1, 29, p = 0.704). Within both years, the beginning of egg laying in the
first breeding attempt ranged from 19 April to 31 May with median date on 29 April; in the second
breeding attempt it ranged from 16 May to 15 June with median date on 3 June.

We gathered data on 22 first broods and nine second broods. Mean nestling body condition did not
differ between the breeding attempts (F = 0.102, df = 1, 29, p = 0.752), neither between the years (F
=2.730,df =1, 29, p = 0.110). Consequently we pooled data from both years and breeding attempts
for analysis of the nestling condition.

Successful nests produced on average 3.45 + 0.19 fledglings (range = 1-5, n = 31). Relative laying date
influenced neither the number of fledglings (r* = 0.029, p = 0.363, n = 31), nor mean nestling body

condition per brood (r*=0.069, p=0.152, n=31).

Nestling diet

Nestling diet consisted of both animal and plant component. Samples containing exclusively plant
material were gathered only from nestlings older than nine days (21 samples in 2008, eight samples
in 2009). Plants comprised 56.3% of mean sample weight. Identifiable plant remains were mostly

represented by Poaceae (approximately 90%) in the form of seeds, fragments of stalks and spikelets
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of millet Panicum miliaceum and wheat Triticum spp. Remaining 10% comprised seeds of Poppy
Papaver somniferum (Papaveraceae), Flixweed Descurainia sophia (Brassicaceae), Stinging Nettle
Urtica dioica (Urticaceae) and unclassified species of Fabaceae. Anorganic material (sand) was
regularly present in the samples and in one case we also found a piece of gastropod shell.

Faecal sacks contained items belonging to five arthropod orders — Coleoptera, Diptera, Heteroptera,
Cicadomorpha, and Araneae (Tab. 1). Faeces composition calculated per nest was dominated by
adult beetles, mainly of Scarabeidae. Adult Diptera, mainly muscids and tipulids were second most
abundant prey. Larvae of the scarabeids and dipterans were the third most abundant prey type in
the nestlings” diet. Other arthropod taxa accounted for less than 5% of all identifiable animal food

objects and therefore were summed under category ,,other arthropods”.

Effect of nestling age on their diet

The total mass of food provided by parents to a particular nestling varied significantly between age
categories being higher in older nestlings (t = 4.379, df = 23, p < 0.001). This was mostly due to
increase in total mass of plant component ( t = 4.379, df = 23, p < 0.001) as total mass of animal
component did not differ between age categories (t = 0.682, df = 23, p = 0.502). Mean sample weight
at younger age was 41.56 mg and animal component comprised 71.15%. Mean sample weight at
older age was 77.5 mg and animal component comprised 32.95%.

Further, we looked for differences in abundance of three major categories of animal diet (i.e.
Coleoptera adults, Diptera adults, and Larvae) between two age categories of the nestlings. For each
animal diet category, we calculated an average number of individuals of given group of arthropods
per nestling in the nest. We found no significant differences in abundance of any animal diet
category: Coleoptera adults - t = 0.164, df = 23, p = 0.871, Diptera adults -t =-0.527, df =23, p =

0.603, Larvae -t =-0.490, df = 23, p = 0.629.
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Prefledging body condition vs. food composition at younger age

We found no significant relationship between prefledging condition and total mass of food provided
to nestlings by parents at younger age (F(120) = 0.772, p = 0.390). Neither the mass of plant nor animal
diet component influenced condition estimates (F(;,,0) = 0.036, p = 0.851 and F; 50) = 1.414, p = 0.248,
respectively). Effect of year and interactions were non-significant in all cases (all p > 0.065). The
abundance of three major categories of animal diet at younger age had no significant effect on
prefledging condition: Coleoptera adults - F(; 0 = 0.024, p = 0.878, Diptera adults - F(; 50y = 0.426, p =
0.521, Larvae - F(1 209) = 2.311, p = 0.144. Effect of year and interactions were not significant (all p >

0.15).

Prefledging body condition vs. food composition at older age

We found a significant relationship between prefledging condition and total mass of food delivered
by parents to a particular nestling (F(1 .0 = 5.642, p = 0.028). Effect of year and year x total interaction
were non-significant and eliminated from the model during its simplification (explanatory power
remain unchanged, both p > 0.31). Minimum adequate model thus contained only total mass of food
(F1,200= 5.737, p = 0.026). We found no evidence for an effect of the mass of plant component on
condition (Fy,20 = 0.161, p = 0.693). Effect of year and interaction were non-significant (both p >
0.41). However, the mass of animal component in the diet was positively and significantly related to
condition (F(y,20 = 7.605, p = 0.012). After model simplification, i.e. removing factor year and year x
animal interaction, which caused no significant change in model explanatory power (both p > 0.41),
the effect of the mass of animal component on condition remained significant (p = 0.011).

The abundance of three major categories of animal diet at older age had no significant effect on
condition: Diptera adults - F(; 50 = 0.011, p = 0.918, Larvae - F(; 50 = 0.848, p = 0.368. However, the
effect of abundance of Coleoptera adults was marginal (F; 20) = 3.864, p = 0.063). Effect of year and

interactions were not significant (all p > 0.19).

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Discussion

This study indicates the importance of food amount and composition for nestling condition. The
nestlings were fed by a variety of animal and plant material. Principal diet composition based on
faecal analysis was similar as in other parts of house sparrow’s range. The nestlings consumed mainly
beetles and dipterans which accounted for almost 83% of animal food. Coleoptera were the most
abundant nestling food type in Poland (Anderson 1984) and Bulgaria (lvanov 1990), too. Also in Great
Britain the beetles belonged to the most important prey species (Vincent 2005). However, the beetle
families most often encountered in the diet of nestlings were usually Carabidae and Curculionidae,
both on rural and urban sites (Vincent 2005, Anderson 2006). In our study the beetles were
represented mainly by scarabeids (Onthophagus spp., Aphodius spp.) which live in the dung and are
therefore abundant on the farmstead. The locality is probably also especially suitable for muscids and
tipulids, which were the most abundant dipterans, while elsewhere the most frequent dipterans
were hoverflies (Syrphidae) (Anderson 2006). Vincent (2005) mentioned also aphids, spiders and ants
among the most common prey species in rural habitats (see also Encke 1965, Mitschke et al. 1999).
In our study we found spiders only in a quarter of all samples and ants and aphids were not detected
at all. The lack of these soft-bodied taxa in the faeces might be caused by their high digestibility,
however, Vincent (2005) used the same method for diet analysis.

The abundance of three major categories of animal diet, i. e. adults of Coleoptera, adults of Diptera,
and Larvae, did not differ during the course of nestlings” development. This result might arise from
the fact, that we have not analysed the diet of the nestlings during the very first days of their life,
when the difference in diet composition may be more pronounced. Bigger sample size would also
allow for finer-scale comparison without combining several taxa to conjunctive categories. Further,
because of methodological limitations we cannot exclude that other components, which are hardly
detectable in faeces, differed with age of nestlings. For instance, in some passerines a peak in

spiders” abundance in nestling diet was reported during early stages of their development (Cowie &
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Hinsley 1988, Grundel & Dahlsten 1991, Naef-Daenzer et al. 2000). It was shown that parents select
for spiders because of high content of taurine, an amino acid affecting behavioural characteristics of
nestlings, that could impact fitness (Arnold et al. 2007). However, because of relatively low
abundance of spiders in the diet of nestlings in our study we could not test the age dependance of
this prey in House Sparrows. Finally, it is possible that for development of House Sparrow nestlings
the presence of animal protein in general is essential rather than presence of some specific
invertebrate species. This assumption is in concordance with the general opportunistic nature of
sparrows (Anderson 2006). The parents usually feed their young with the locally and temporary most
abundant prey, e. g. coprophagous beetles on the farmstead (this study) or aphids and ants in the
cities (Mitschke et al. 1999, Vincent 2005). Brodmann & Reyer (1999) previously showed that in
Water Pipits Anthus spinoletta parents searching for nestling food select prey by its size and
catchability rather than nutritional value.

The older nestlings get more food than the younger ones. The increase in food amount was caused
by higher mass of plant component in older nestlings” diet, while the mass of animal component
remained stable across the two stages of development. Thus the proportion of the animal
component decreased with age. Increased amount of food delivered to older nestlings is common in
birds and reflects higher nutritional demands of growing offspring (Pinowski 1967, Conrad &
Robertson 1993). Increased proportion of vegetable material in the diet of House Sparrow nestlings
has been reported also from other localities (Wieloch 1975, Summers-Smith 1988, Anderson 2006).
During first days of their life the nestlings are fed almost solely by animal diet (Summers-Smith 1963),
because they need essential amino acids from animal proteins for their development (Ricklefs 1983,
Arnold et al. 2007). At the age of 16-17 days the nestlings” preferences switch from insects to seeds
and the diet gradually becomes almost entirely vegetable (Mueller 1986). Before fledging the
nestlings need to gain fat stores, for which the seeds and grain provide suitable resource. House

Sparrow parents supply higher nutritional demands of growing chicks by providing them vegetable
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material, mainly seeds, which represent the most abundant food in the study site. The stable amount
of animal component fed to the nestlings suggests that there is probably some upper limit of animal
prey that the parents are able to catch. Thus, they offset increasing food demands of young with
plant material for several reasons: it is abundant, easy to acquire and it corresponds with increasing
nestlings” preferences for plant food.

The total amount of food and mass of animal component in the diet that was fed to nestlings in the
prefledging period, but not at younger age, were shown to positively affect their condition. The
positive effect of the amount of food on body mass of nestlings and on greater fledging success in
House Sparrows was previously shown by Anderson (1977) during the local emergence of 13-year
periodical cicadas, which represented a super-abundant food. The effect of body mass on fledging
success proved Cleasby et al. (2010), who found that House Sparrow nestlings of greater mass on day
11 were more likely to recruit. The importance of animal component was stressed by Vincent (2005),
who found more plant material within the diet of nestlings that subsequently died than in the diet of
those that fledged. The shortage of animal prey causes consumption of unsuitable food and/or
starvation, which leads to lower breeding success (Seel 1969, 1970, Vincent 2005).

None of the three major components of animal diet did influence the nestlings” quality except the
abundance of beetles in the diet of older nestlings, which tended to increase their condition.
However, this effect of the beetles might arise just from the mere fact that this prey group
represents most of the animal component in the nestlings” diet at our study site. Although this effect
was marginal it shows the same trend as was found in Great Britain, where the abundance of the
beetles in nestlings” diet also increased their condition (Vincent 2005). In the same British locality the
abundance of ants had an opposite effect (Vincent 2005) and reduced nestlings” body mass was
associated with low aphid densities in the vicinity of the nests (Peach et al. 2008). Although the ants
occurred at our study site, we have not detected any in the samples. Therefore it seems apparent

that sparrows select the ants as food for their nestlings only in areas where more suitable prey is
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scarce. Finally, the absence of aphids in our samples shows that their lack not always leads to
malnutrition, because sparrows can replace them with alternative prey.

Our study brings the first analysis of House Sparrow nestlings” diet from the Czech Republic, since
there only a study of adult sparrows has been undertaken (ASmera 1962). Description of the diet of
sparrows breeding on a farmstead helped to assess contemporary suitability of rural habitats as
sources of nestlings’ food and revealed geographic variation in proportions of different diet
components. Our results corroborate the importance of animal prey during the whole nesting period
for the quality of nestlings. Hence, we assume that even if probable decline of arthropods was not
the main cause of the negative population trend of House Sparrows, it might contribute to low

reproductive success and weaken the population productivity.
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1 Table 1 Animal food in the diet of house sparrow nestlings assessed using faecal analysis; based on

2 210 faecal sacs containing 362 identifiable animal food objects from 106 nestlings from 31 nests.

3
Abundance Frequency Mean abundance/nest
Taxon SD
(%) (%) (%)
Total adult Coleoptera 61.05 94.30 61.97 26.40
Total Scarabeidae 34.25 75.76 35.36 27.36
Aphodius 15.19 58.62 14.44 16.18
Ontophagus 0.83 5.17 0.80 3.81
Other Scarabeidae® 18.23 70.42 20.12 21.31
Carabidae 11.33 48.28 11.96 15.30
Cerambycidae 4.70 24.14 3.68 7.14
Other Coleoptera” 10.77 48.28 10.96 16.73
Total adult Diptera 21.54 74.10 21.73 19.41
Tipulidae 9.39 48.28 10.00 12.76
Muscidae 7.73 31.03 7.90 16.83
Other Diptera® 4.42 24.14 3.83 7.62
Total Larvae 8.57 39.70 8.64 13.60
Larvae of Scarabeidae 6.91 32.76 6.48 11.75
Larvae of Diptera 1.66 6.90 2.15 8.68
Other arthropods 8.83 38.00 7.67 11.74
Heteroptera 3.31 18.97 3.24 7.67
Cicadomorpha 1.38 6.90 0.94 3.55
Araneae* 4.14 24.14 3.49 7.23
4  *The group Other Scarabeidae was represented by Phyllopertha and other unidentified genera.
5  °The group Other Coleoptera was represented by Oedemeridae, Geotrupidae (Geotrupes spp.) and
6  other unidentified families.
7  “The group Other Diptera was represented by Faniidae, Culicidae and other unidentified families.
8  “The group Araneae was represented by Pardosa spp. (Lycosidae), Tetragnatha spp.
9  (Tetragnathidae) and other unidentified genera.
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Figure legends

Figure 1
Average per capita amount of food delivered to 4-6 days [younger age] and 9-11 days [older age] old

nestlings of House Sparrow Passer domesticus.

Figure 2
Average per capita amount of plant [open box] and animal [dashed box] components in the diet of 4-

6 days [younger age] and 9-11 days [older age] old nestlings of House Sparrow Passer domesticus.

Figure 3
The relationship between average body condition (residuals from the regression of body mass on
tarsus length) estimate of 9-11 days old nestlings in nests of House Sparrow Passer domesticus and

average per capita amount of food delivered by parents; p = 0.01.

Figure 4
The relationship between average body condition (residuals from the regression of body mass on
tarsus length) estimate of 9-11 days old nestlings in nests of House Sparrow Passer domesticus and

average per capita amount of animal food component delivered by parents; p = 0.011.
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Souhrn poznatk disertacni prace

Biparentdlni péce u vrabce domaciho je nerovnomérné rozdélena mezi oba partnery. Zatimco samice
vénovala vice ¢asu zahtivani mladat a ¢astéji je krmila, samec vice investoval do obrany hnizda.
Rodice pritom nepfizplsobovali intenzitu obrany hnizda chovani svych partner(, ani parametrim
snusky. Jen samci méli tendenci branit dfivéjsi snasky vice, jak predpoklada hypotéza hodnoty
snusky. Prispévek samce ke krmeni mladat pozitivné ovliviioval jejich hmotnost.

Intenzita obrany hnizda rostla u samcU s velikosti melaninového ornamentu, proto predpokladame,
Ze by ornament mohl slouzit jako signdl ochoty samce investovat do obrany hnizda. Potvrzeni funkce
ornamentu jako signdalu rodicovské péce v pohlavnim vybéru dopliiuje zavéry recentni metaanalyzy.
Nase vysledky ukazuji, Ze velikost ornamentu sice nevypovida o frekvenci krmeni a o ¢ase strdveném
zahfivanim mladat, ale koreluje s intenzitou hnizdni obrany, coz je slozka rodicovské péce, ktera
nebyla metaanalyzou postihnuta. Domnivame se, Ze tento vysledek neni prekvapivy, protoze
korelace velikosti melaninového ornamentu a antipredacniho chovani je pravdépodobné vysledkem
pleiotropniho Gcinku gen( fidicich melanogenezi, mezi néz patfi ovlivnéni hladiny testosteronu, ktery
podporuje agresivitu uplatiujici se i pfi obrané hnizda, avsak snizuje intenzitu dalSich slozek péce,
jako jsou pravé inkubace nebo krmeni mladat.

Antipredacni strategie vrabcl neni stabilni a méni se s druhem predatora a jeho vzdalenosti od
hnizda. Obé pohlavi pfizplsobovala intenzitu obrany hnizda mife ohroZeni, kterou pro né dany
predator predstavoval. Intenzita reakce se sniZovala od preddtora vajec a mladat, straky obecné, pres
sycka obecného k nejnizsi intenzité v experimentech s krahujcem obecnym. Umisténi predatora
pfimo na hnizdni budku vyvolalo reakci pouze u ohrozeného paru, byla-li vSak atrapa umisténa ve
vétsi vzdalenosti, reagovalo na ni celé hejno tzv. mobingem. Mobujici vrabce tak Ize povaZzovat spise
za hejno sobeckych rodicd, branicich své vlastni potomky, nez skupinu altruistickych jedincq, ktefi by
riskovali v zajmu celé kolonie. V otdzce adaptivni hodnoty mobingu jsme proto dospéli k zavéru, ze
toto chovani je predevsim soucasti rodi¢ovské péce, protoze hlavnim pfijemcem vyhod z néj jsou
mladata v hnizdé. Kromé toho je pfileZitosti pro signalizaci kvality samcd, ktefi reagovali na predatory
s vy$si intenzitou neZ samice a v zavislosti na velikosti ornamentu. Je-li vSak riziko napadeni
predatorem vysoké, jako v pripadé krahujce, stdvd se mobing pro signalizaci nevhodnym, protoze na
tohoto predatora reagovali samci stejné jako samice, a to opatrné bez ohledu na velikost ornamentu.
Analyzou vykall mladat jsme zjistili, Ze vrabci krmili pfedevsim brouky a dvoukfidlym hmyzem, a to
taxony typickymi pro prostredi hospodarského statku. Mladata, krmena vétsim mnozstvim potravy

a jeji Zivocisné slozky a okrajoveé také vétsim poctem brouk(, dosahovala vyssi kondice. Nase vysledky
prokazaly vyznam Zivocisné potravy pro reprodukéni ispéch vrabcell, a podporuji tak hypotézu, ze
jednou z pficin recentniho Ubytku populaci tohoto druhu v Evropé je nedostatek hmyzu v potravé

mladat.
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Summary of the thesis

Individual components of parental care are disproportionally distributed among the parents in the
House Sparrow. While the female broods the nestlings more often and feeds them more frequently,
the male defends the nest more intensely. In an experimental study the parents did not adjust their
nest defence intensity to behaviour of their partners, nor to brood parameters. Only males tended to
defend the sooner broods more intensely, which is in concordance with the ,brood value
hypothesis“. Male contribution to nestling feeding affected their body mass.

Male nest defence intensity increased with the size of their melanin ornament. Thus, we assume that
the ornament could signal male investment in this component of parental care, while it does not
correlate with feeding frequency and time spent by incubation. This output is probably caused by
pleiotropic effect of genes regulating melanogenesis, affecting e. g. testosterone plasma level, which
is associated with increased agression and lower intensity of other components of parental care as
nestling provisioning or incubation.

We have also aked the question whether the anti-predator strategy in House Sparrow is stable or
depends on the type of the predator. In experiments with three different predator species we
showed, that sparrows adjust their nest defence intensity to the potential threat, which individual
predator poses. The most risky reactions were performed in experiments with the Magpie Pica pica.
The intensity of nest defence further decreased in reaction to the Little Owl Athene noctua and was
lowest to Sparrowhawk Accipiter nisus. We also stressed the importance of predator’s distance from
the nest. While placed directly on the nest box the predator induced the nest defence only in the
threatened pair. However, placing the predator farther from the colony, representing situation,
when all nests were threatened, induced mobbing in all colony members. We assume, that the
mobbers were rather a group of selfish parents defending their own progeny, than a social group of
altruists putting themselves into risk of predation for the benefit of whole colony. Regarding the
adaptive value of mobbing we concluded that it is mainly a part of parental care, because the main
beneficiaries of this behaviour are the offspring. Further, mobbing is probably an opportunity for
signalling, as males mobbed the predator more intensely than females and with respect to their
ornament size. However, if the risk of injury is high, mobbing probably becomes not more suitable
for signalling as was shown in experiments with Sparrowhawk, when all males reacted with the same
low intensity as females and irrespective of their ornament size.

Results of faecal analysis showed that nestlings were fed mainly by beetles and dipterans. The
nestling condition was affected by the mass of food and its animal component and marginally also by
the amount of the beetles in the diet. Thus, we showed the importance of the animal prey for the
reproductive success, which supports the hypothesis, that the shortage of invertebrates in the

nestlings” diet contribute to the recent population decline of House Sparrows in Europe.

92





