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Abstrakt

Tato disertacni prace se zabyva vnitrodruhovym hnizdnim parazitismem u ptakd (VHP). VHP je
alternativni reprodukéni strategie, kdy parazitickd samice klade vejce do hnizda cizi hostitelské samice
stejného druhu. Parazitickd samice nasledné hnizdo hostitele opousti a usetfi tak energii, kterou by
jinak musela investovat do rodicovské péce. Jelikoz mezi parazitickym a hostitelskym vejcem i
mladétem neni znatelny morfologicky rozdil, je problematické VHP rozpoznat. Proto je pro jeho uréeni
vhodné pouZit molekularni metodiku. VHP muze byt poutzit jako ,a best-of-bad-job” strategie, kdy
samice nema vlastni hnizdo a vejce snasi pouze paraziticky, nebo o hnizdo pfisla napf. kvili predaci.
Dalsi mozZnost je, Ze samice mohou zvysit svoji fekunditu (,,fecundity enhancement”). V tomto ptripade
samice Casto klade paraziticka vejce a pozdéji zaklada vlastni snisku.

Vramci této disertacni prace byly studovany dva modelové druhy. Prvnim druhem byla
prekocidlni potapiva kachna — poldk velky (Aythya ferina; Anseriformes; Anatidae). Paraziticka vejce
byla uréena pomoci proteinového fingerprintingu a diky této metodé bylo také mozné rozlisit vejce
jednotlivych samic. Mira VHP byla u polaka velkého relativné vysoka (91 %, 72 %; Kapitola 1, 4).
Velikost snlisky hostitelské samice byla negativné ovlivnéna pocétem cizich vajec ve snlsce. Ve studii,
ktera se zabyvala jednotlivymi reprodukénimi taktikami samic, bylo zjiSténo, Ze samice poldka vyuzivaji
parazitismus vrGzném kontextu. Nékteré samice snasely vejce pouze paraziticky, jiné samice
kombinovaly parazitismus s péci o vlastni snisku. Na druhou stranu nékteré samice snasely vejce
pouze do vlastni snisky. Tyto tfi reprodukéni taktiky byly béhem tfi let zastoupeny rovnomérné a
samice je béhem let ménily. Zaroven bylo zjiSténo, Ze reprodukéni Usili se mezi samicemi lisilo
v zavislosti na reprodukéni taktice. V neposledni fadé bylo testovano, zda je mozné urcit VHP pomoci
morfologie vajec (tzv. ,Eadiho metoda’, Kapitola 3). Vysledky naznacuji, Ze pouziti morfologie vajec
neni vhodné pro urceni VHP, a navic bylo zjisténo, Ze vysledek mize byt ovlivnén pribuznosti mezi
parzitem a hostitelem.

Druhy modelovy druh byl atricidlni pévec — vlastovka obecna (Hirundo rustica rustica;
Passeriformes; Hirundinidae). Parazitickd mladata byla ur¢ena pomoci mikrosatelitli DNA. Mira VHP
byla nizs$i nez u polaka velkého (22%, Kapitola 2). Dale bylo zjisténo, Ze mira hnizdniho parazitismu byla
pozitivné ovlivnéna mirou synchronicity v hnizdéni. Zhruba 28 % parazitickych mladat bylo oplodnéno
rezidentnim samcem z hostitelského hnizda (Quasi parazitismus = QP). Samice, které kombinovaly
normalni hnizdéni a parazitismus mély v priiméru o jedno mladé vice neZ ostatni samice v populaci.
Stejné tak i QP samci méli zhruba o jednoho potomka vice neZ primérny samec v populaci. Oproti
tomu hostitelské samice mély zhruba o jedno mladé méné néz byl primér v ramci populace.

PredloZena disertacni prace pfinasi nové poznatky o VHP u dvou studovanych druh( (polak

velky a vlastovka obecna), které byly ziskany pomoci molekularnich metod.



Abstract

Presented thesis is mainly concerned with the conspecific brood parasitism (CBP) in birds. CBP is an
alternative reproductive strategy when a parasitic female lay egg or eggs to other (host) female’s nest
of the same species. Then the parasitic female leaves the host’s nest and does not provide any
energetic investment in a subsequent parental care. Distinguish parasitic eggs or young is problematic
because there are no obvious morphological differences. Thus, the use of molecular method is crucial
for proper determination of CBP. CBP can be used as ‘a best-of-bad-job’” when female does not have
her own nest or lost her nest for example through predation. Other option is that female can increase
her fecundity (‘fecundity enhancement’ hypothesis) when she lay parasitic egg/eggs and care about
her own clutch afterward.

Two different model species were studied. The first one was a precocial diving duck - the
common pochard (Aythya ferina; Anseriformes; Anatidae). Protein fingerprinting was used for
detection of CBP and for distinguishing between eggs of individual females. It was found that the rate
of CBP was relatively high in this species (91%, 72%; Chapter 1, 4). Further results indicated that the
host clutch size decreased with the number of parasitic eggs in the clutch. The study of individual
reproductive tactics revealed that females used parasitism in different context. Some females laid eggs
only parasitically but others combined parasitism and normal nesting. On the other hand, some
females laid their eggs only in own nest and did not parasitize. These three reproductive tactics were
overall in balance and females could change them between years. Moreover, it was found that females
with different reproductive tactics varied in their reproductive effort. Finally, it was tested if a
detection of parasitic eggs and parasitized nests is possible by using egg morphology (Eadie’s method;
Chapter 3). The results showed that the egg morphology was not suitable for a reliable determination
of CBP in the common pochard and that the method could be impacted by relatedness between
parasitic and host female.

The second species under study was an altricial songbird - the barn swallow (Hirundo rustica
rustica; Passeriformes; Hirundinidae). For detection of parasitic young were used microsatellite DNA
typing. The frequency of the CBP was lower than in the common pochard (22%; Chapter 2).
Additionally, it was found that the rate of CBP increased with a breeding synchrony. About 28% of the
parasitic young were fertilized by the nest attending male (quasi-parasitism = QP). Parasitic females
had more offspring per breeding attempt than was the population average as same as the quasi
parasitic males. On the other hand, host females suffered decrease in the number of offspring per
breeding attempt.

In conclusion, the presented thesis brings new information about CBP in two different study

species (the common pochard and the barn swallow) revealed by molecular methods.



Uvod

Hlavni téma predlozZené disertacni prace je vnitrodruhovy hnizdni parazitismus (VHP) u ptakd, ktery byl
studovan u dvou raznych modelovych druhd. Hnizdni parazitismus v ramci ptaci fiSe je znamy jev. K
parazitismu dochazi, pokud samice snese vejce do hnizda cizi hostitelské samice, toto hnizdo poté
opousti a naslednd rodicovska péce zavisi na hostiteli. V obecném povédomi je predevsim obligatni
hnizdni parazitismus. V tomto pfipadé parazitickd samice nestavi vlastni hnizdo a vejce snasi do hnizd
samic jiného druhu (Payne 1977; Davies 2000). Tento mezidruhovy hnizdni parazitismus |ze snadno
urcit, jelikoz mezi vejci a nasledné mlddaty jsou jasné morfologické rozdily. Nicméné u VHP samice
vyuzivd jako hostitele jedince stejného druhu, a proto neni jednoduché parazitovand hnizda urcit.
MoZna praveé z tohoto dlivodu byl VHP dlouhou dobu povaZovan za vzacny (Payne 1977). Identifikovat
paraziticka hnizda Ize pomoci tradi¢nich metod, jako je napf. nalezeni abnormalné veliké sntsky, nebo
nalezeni vejce, které se vyrazné lisi od ostatnich vajec ve snliSce. Dalsi takovou metodou je ¢asova
nepravidelnost v cyklu snaseni vajec. Z fyziologického hlediska je samice schopna snést pouze jedno
vejce za 24 hodin (Sturkie 1965). Pokud se tedy ve snliSce objevi vice vajec béhem jednoho dne, Ize
predpokladat, Ze hnizdo bylo parazitovano (MacWhirter 1989; Yom-Tov 1980; Mgller 1987; Vedder et
al. 2007, 2010). Nicméné tyto tradicni metody mohou miru VHP podhodnotit nebo naopak
nadhodnotit (McRae 1997; Andersson a Ahlund 2001; Grgnstgl et al. 2006; Waldeck a Andersson 2006;
Griffith et al. 2009). Pfesnéjsi odhad dnes umoziuji molekularni metody jako proteinovy fingerprinting
nebo analyza mikrosatelitd DNA (Anderholm et al. 2009; Andersson a Ahlund 2001; Waldeck a
Andersson 2006). Molekularni metody zacali byt pouzivany v rdmci terénni biologie od 80 let minulého
stoleti a béhem 20 let vzrostl pocet zndmych hnizdnich parazitd z 53 druhl (Yom-Tov 1980) na 234
(Yom-Tov 2001). Na druhou stranu jsou tyto metody relativné drahé oproti tradi¢nim metoddm a
zpracovéni nasbiranych vzork( zabere vice ¢asu (Andersson a Ahlund 2001). Proto je zde snaha vytvorit
metodu, diky které bychom mohli urcit parazitismu na zakladé morfologickych rozdild mezi vejci
jednotlivych samic tzv. Eadiho metoda (Eadie 1989). Nicméné u nékterych druht ptakl bylo prokazano,
e parazit a hostitel jsou navzajem pribuzné (Andersson a Ahlund 2000; Andersson a Waldeck 2007;
Waldeck et al. 2008; Tiedemann et al. 2011; Duda a Chetnicki 2012). To mUzZe pouZiti Eadiho metody
komplikovat. Jelikoz je velikost vajec dédi¢na (reviewed by Christians 2002), rozdil mezi vejcem

snesenym parazitickou samici a hostitelskou samici by nebyl tak patrny.

VHP se vyskytuje v daleko vétsi mife u druh( s prekocidlnimi mladaty (Yom-Tov 2001). Pro
srovnani, v ramci faddu Anseriformes se VHP vyskytuje témér u 50 % druh(, na rozdil od fadu
Passeriformes, kde se vyskytuje jen zhruba u 1 %. Pfedpoklada se, Ze tato diskrepance je zplUsobena
nékolika rozdily mezi prekocidnimi a altricidlnimi druhy. Zaprvé porovname-li prekocialni a altricialni

druhy stejné hmotnosti, zjistime, Ze prekocidlni maji pocetnéjsi snisky (Ar a Yom-Tov 1978). Dale



hnizda prekocialnich druhi jsou po vétsinu casu, kdy samice snasi vejce, nehlidana a je zde proto vétsi
prostor pro moznost jejich parazitovani. V neposledni fadé je u prekocidlnich druhl narist investice
do rodicovské péce o parazitické mladé mensi nez u druh altricidlnich, ktera sva mladata musi krmit
(Sorenson 1992). Dalsi faktory, které mohou ovlivnit miru VHP jsou kolonialita a hnizdéni v dutinach
(Beauchamp 1997). U kolonidlnich druhi jsou hnizda umisténa blizko sebe a pro parazita je tedy
jednodussi nalézt hostitelské hnizdo. U druhi hnizdicich v dutinach, které sami nedokazi vyhloubit, se
hnizdo miZe stat limitujicim faktorem a pfi jejich nedostatku tak mira VHP m{zZe narustat (Andersson

1984).

Pro¢ ale samice sndsi vejce do ciziho hnizda, kdyZ by se o néj mohla starat sama? Existuje
nékolik hypotéz, které se tuto otazku pokouseji zodpovédét. Jsou postaveny na rlznych faktorech
prostfedi anebo na kondici samice (shrnuto: MacWhirter 1989; Rohwer a Freeman 1989; Petrie a
Mgller 1991; Lyon a Eadie 2008). Podle hypotézy ,a best-of-a-bad-job“ (e.g. Dawkins 1980) samice
snasi vejce do cizich hnizd, pokud neni schopna sama zahnizdit. To se mizZe stat v pfipadé, zZe je
omezeny pocet mist k hnizdéni a/nebo je samice ve $patné kondici ¢i je mlada a nezkusend (Eadie 1989;
Lank et al. 1989; Lyon 1993; Sorenson 1991). Mezi ,the best-of-bad-job“ hypotézy mlizeme zaradit i
hypotézu ,Ztraty hnizda“. V tomto pfipadé samice snasi vejce do cizich hnizd, pokud o to své pfisla
napf. kvili predaci (McRae 1997) nebo hnizdo opustila napf. kvli tomu, Ze bylo parazitovano (Stovi¢ek
et al. 2013). Na druhé strané stoji hypotéza ,a fecundity enhancement” (,,zvySeni fekundity”, Kendra
et al. 1988). Ta predpokladd, Ze samice mlzZe diky VHP zvysit své reprodukéni Usili. Samice muize
kombinovat parazitické snaseni vajec s péci o vlastni sntsku. Takova samice snasi paraziticka vejce
vétsinou pied tim, neZ sama zahnizdi (Mgller 1987; Sorenson 1991; Lyon 1993; McRae 1998; Ahlund &
Andersson 2001). Zvyseni fekundity Ize také ocekavat u samic, které by zcela rezignovaly na tvorbu
vlastniho hnizda a vSechna sva vejce by po cely Zivot snasela pouze paraziticky (,celoZivotni
specialista”). Existence takového specialisty vSak nebyla dosud prokazana a rizné studie dokladaji, Zze
samice mezi lety méni reprodukcni strategie (Heusmann et al. 1980; Eadie 1989; Sorenson 1991;

Forslund and Larsson 1995; McRae 1998; Ahlund and Andersson 2001).

Sorenson (1991) vymyslel model, ktery propojuje jednotlivé reprodukéni taktiky v jeden celek.
Samice se tak kazdy rok na zacatku hnizdéni ,rozhoduje”, jakou reprodukéni taktiku zvoli, podle
podminek prostredi a svych fyzickych mozZnosti. (i) Samice tedy nemusi v daném roce vibec hnizdit, (ii)
nebo muZe snaset vejce pouze paraziticky (,obycejny parazit”), (iii) nebo muze klast vejce pouze do
svého hnizda (,,neparazitickd samice”) anebo (iv) mize mit vlastni hnizdo a zaroven snaset paraziticka
vejce (,hnizdici parazit”). Zajimavé je, Ze u nékterych druh( byli zaznamenani jen parazité bez hnizda

(Eadie a Fryxell 1992; Forslund a Larsson 1995; Sandell a Diemer 1999; Anderholm et al. 2009;



Kreisinger et al. 2010), zatimco u jinych se vyskytuje kombinace obou parazitickych strategii (Sorenson

1991; Andersson a Ahlund 2001; Eadie 1989).

Pro parazitickou samici mlze byt VHP vyhodny, ale hostitel mlze utrpét znacné djmy. Jiz ve
chvili, kdy parazit snasi vejce do ciziho hnizda mohou byt vejce hostitel poskozena (Lombardo et al.
1989). S poétem parazitickych vajec mize narlstat i celkovy pocet vajec ve snlsce, coZz mUlze zpUsobit:
(i) snizeni poctu mladat hostitele (Eadie 1989; Lyon 1993), (ii) prodlouZeni inkubace, a tak zvyseni rizika
predace (Gibbons 1986; Nielsen et al. 2006) nebo (iii) narlst energie investované do rodi¢ovské péce
(Visser a Lessells 2001; Hanssen et al. 2005) a nékteré dalsi ztraty (Brown and Brown 1991; 1998;
Milonoff et al. 2004). Je-li cena parazitismu pro hostitele pfilis vysoka, mélo by v evoluci dojit ke vzniku
anti-parazitické strategie (napf.: (i) odstranéni ciziho vejce z hnizda, (ii) opusténi parazitovaného hnizda
nebo (iii) hlidani hnizda a agresivni chovani vici narusiteli samiciho pohlavi (Lyon 1993; McRae 1995;

Stovicek et al. 2013; Petrie a Mgller 1991; Davies 2000).

U socialné monogamnich druh, kde se o hnizdo staraji oba rodice, miZe paraziticka samice za
urcitych podminek ziskat pfistup k hostitelskému hnizdu. Pokud kopuluje se samcem, ktery pecuje o
dané hostitelské hnizdo, mUze ji umozZnit pfistup do svého hnizda (Petrie 1986). V tomto pfipadé je
parazitické mladé v hnizdé hostitele pfibuzné samci, ale jiz neni pfibuzné jeho socialni partnerce. Pokud
dochazi k takové spolupraci mezi samcem a parazitickou samici, jedna se o adaptivni quasi-
parazitismus (QP). Pokud se ovsem VHP a mimo-parové kopulace (samec kopuluje se samici, ktera neni
jeho socialni partnerka (Petrie 1986, Arnold a Owens 2002) vyskytuji v populaci v urcité mite, mize QP

vznikat i ndhodné (Alves a Bryant 1998; Griffith et al. 2004).



Cile prdace

1) Pomoci molekularnich metod popsat miru VHP u polaka velkého Aythya ferina a vlastovky obecné
Hirundo rustica rustica. Dale popsat miru QP u vlastovky obecné
2) Zjistit, zda nékteré z aspektl ovliviiuji miru VHP:
a. u poldka velkého: nacasovani hnizdéni
b. u vlastovky obecné: nacasovani hnizdéni, synchronizace v hnizdéni, hnizdéni solitérné ci v
kolonii
3) Popsat rozdil ve velikosti snisky hostitelské a parazitické samice u obou druh.
4) Popsat reprodukéni taktiky u samic poldka velkého a urcit, zda se lisi v reprodukénim Uspéchu.
5) Zjistit, zda lIze pouzit ,Eadiho metodu” k uréeni parazitovanych hnizd a parazitickych vajec u polaka

velkého a zda pfibuznost mezi samicemi mlze ovlivnit vysledek této metody.



Metodika
VHP byl studovan na dvou modelovych druzich: polak velky a vlastovka obecna.

Polak velky je semikolonialni potapiva kachna, ktera hnizdi v litordlni vegetaci (Albrecht et al.
2006) a ma prekocialni mladata. V ramci této disertace byly studovany dvé populace: prvni z nich byla
v Chranéné krajinné oblasti Poodfi v Ceské republice [49°45’N, 18°09’E] a to v letech 20082010 a
druhd se nachazela v Biosférické rezervaci Tfeborisko v Ceské republice [49°09'03.43"N, 14°43'32.55"E]
v letech 2004-2006. Pro identifikaci parazitovanych hnizd a vajec jednotlivych samic byl pouzit
proteinovy fingerprinting. Metoda je zaloZena na izoelektrické fokusaci vajecného bilku v gradientu pH

a poskytuje fadu pruh, kterd je jedine¢na pro individudlni samice (Andersson a Ahlund 2001).

Jako druhy modelovy druh byla zkoumana vlastovka obecnd. Vlastovka obecna je socidlné
monogamni a sva mladata krmi (altricidlni mladata). Vlastovky hnizdi prevainé v koloniich (jen
vyjimecné solitérné) v hospodarskych budovach v blizkosti ¢lovéka. Data pro tuto studii byla sesbirana
v letech 2010-2012 ve dvou izolovanych populacich: Saloun, Lomnice nad Luznici [49° 4’ 7.762" N, 14°
42'36.521" E] a Hamr, LuZznice [49° 3' 25.288" N, 14° 46" 10.82" E]. Pro identifikaci parazitovanych hnizd
a mladat byla pouZita analyza miktosatelitd DNA na Sesti vysoce polymorfnich lokusech (Tsyusko et al.

2007, Primmer et al. 1995).

BlizSi popis metodiky je uveden v jednotlivych kapitolach (Kapitola 1, 2, 3, 4) disertacni prace.



Vysledky:

Kapitola 1

Vnitrodruhvy hnizdni parazitismus a velikost snsky hostitelské samice u polaka velkého Aythya ferina
Petrzelkova, A., Klvana, P., Albrecht, T., a Horak, D. (2013).

Acta Ornithologica 48, 103-108.

Abstrakt

Vnitrodruhovy hnizdni parazitismus je alternativni reprodukéni strategie. Parazitickd samice klade
vejce do hnizda jiné samice stejného druhu a ta nasledné poskytuje rodicovskou péci. VHP je v ramci
zakladé molekularnich dat, je stale nizky. V rdmci naseho vyzkumu je VHP u poldka velkého (Aythya
ferina) uréen pomoci proteinového fingerprintingu vaje¢ného bilku. BEhem tfi let jsme nasbirali data
ze 42 hnizd. Z celkového poctu 432 vajec bylo 162 (37.5 %) sneseno parazitickou samici. Alespon jedno
parazitické vejce bylo zaznamenano v 39 hnizdech (93 %). Prlimérnd velikost snisky byla 10 vajec.
Nicméné poté co jsme vyloucili vejce paraziticka, klesla primérna velikost sntsky na 6 vajec. Pocet
samic, které parazitovaly v jednom hnizdé, se pohyboval mezi 1 az 7 a priimérny pocet parazitickych
samic na jedno hnizdo byl 2.53 + 0.28. Vysledky prokazaly negativni korelaci mezi poétem parazitickych
vajec ve snliSce a nac¢asovanim hnizdéni — parazité snesly nejvice vajec pfed vrcholem hnizdni sezony.
Navic velikost sntsky hostitelské samice prokazatelné klesala s mnozstvim vajec, ktera byla do hnizda
snesena paraziticky. Vysledky naznaduji, Ze vysoka mira parazitismu mUze vést hostitele k pfizplsobeni

velikosti vlastni snisky, nicméné dalsi vysvétleni jsou uvedena v diskuzi.



Kapitola 2
Hnizdni parazitismus a quasi-parazitismus u evropské vlastovky obecné Hirundo rustica rustica

Adéla Petrzelkovd, Romana Michalkova, Jana Albrechtova, Jaroslav Cepak, Marcel Honza, Jakub

Kreisinger, Pavel Munclinger, Martina Soudkovad, Oldfich Tomasek a Tomas Albrecht (2015)

Behavioral Ecology and Sociobiology 69, 1405-1414.

Abstrakt

V predlozené studii se zabyvame mimo-parovou maternitou (MPM) v evropské populaci sexudlné
promiskuitni viastovky obecné (Hirundo rustica rustica). BEhem tfi let jsme ziskali data z celkem 245
hnizd (225 hnizd patfilo 120 samicim, které jsme byli schopni identifikovat). Celkem v 54 (22.0 %)
hnizdech bylo identifikovano alespon jedno parazitické mladé a z celkového poctu 1060 mladat bylo
5.7 % parazitickych. Z celkového poc¢tu EPM mladat bylo az 28.3 % vysledkem quasi-parazitismus (QP).
V takovém pripadé je parazitické mladé pribuzné hostitelskému samci. Hnizda quasi-parazitickych
samic nebyla nikdy v pfimé blizkosti parazitovanych hnizd. Nase data tedy naznacuji, Ze QP ve
studované populaci neni ndhodny a mize byt klasifikovan jako treti alternativni reprodukéni strategie
vedle mimo-pdrové paternity (EPP) a vnitrodruhového hnizdniho parazitismu (VHP). Dale byl hodnocen
vliv nékterych socio-ekologickych faktor, nicméné prokazatelné ovliviioval miru VHP jen pocet
simultanné hnizdicich samic. Zatimco parazitické samice (jak QP tak VHP) mély priimérné vice mladat
na jednu hnizdni udalost nez byl primér celé populace, hostitelské samice mély nizsi poc¢et mladat na
snUsku. Na druhou stranu samci, ktefi zplodili QP mladé, méli vétsi pocet mladat nez prlimérny samec
v populaci. To mlZe znacit, Ze samci, ktefi kooperuji s parazitickou samici, mohou z této spoluprace

profitovat na ukor své socialni partnerky.



Kapitola 3

Morfologie vajec neni vhodna pro identifikaci parazitovanych hnizd pfi vnitrodruhového hnizdnim
parazitismu u poldka velkého: testovdano pomoci proteinového fingerprintingu i s ohledem na

pfibuznost mezi samicemi
Adéla Petrzelkova, Hannu Poysa, Petr Klvana, Tomas Albrecht, David Horak
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Abstrakt

Vnitrodruhovy hnizdni parazité snasi vejce do cizich hnizd samic stejného druhu. K odhaleni
vhitrodruhového hnizdniho parazitismu (VHP) se pouziva mnoho metod. Tradi¢ni metody vSak mohou
poskytnout nepresny odhad miry VHP. Na druhou stranu molekularni metody, které jsou vice presné,
jsou drahé a casové narocné. Eadie vyvinul metodu pro odhad miry VHP, kterd je zaloZena na rozdilech
v morfologii vajec mezi jednotlivymi samicemi. Tato metoda porovnava Euklidovské vzdalenosti mezi
vSemi pary vajec v hnizdé, které byly vypocitany ze standardizovanych rozmérd vajec (délka, Sitka,
hmotnost). Pfesnost této metody jsme testovali na polaku velkém Aythya ferina. Pouzili jsme k tomu
paraziticka (39 hnizd) a neparazitickd (16 hnizd) hnizda, u kterych byla paraziticka vejce ur¢ena pomoci
proteinového fingerprintingu. Také jsme zjistovali, zda Ize rozlisit vejce parazita a hostitele v ramci
jedné snlsky. Zjistili jsme, Ze variabilita v maximalni Euklidovské vzdalenosti (MED) Ize vysvétlit pomoci
parazitismu, nicméné stale zde byl velky pfekryv mezi parazitovanymi a neparazitovanymi hnizd. MED
také rostla s velikosti sntsky. Pomoci diskriminanéni analyzy jsme byli schopni spravné urdit jako
parazitovana ¢i neparazitovana jen 76.4 % hnizd a jen 68.3 % vajec bylo moZzno spravné ucit jako
snesenych parazitem nebo hostitelem. Dale jsme zjistili, Ze MED roste s vyssi pfibuznosti samic v
hnizdé. Tento vztah byl podpofen pozitivni korelaci mezi MED a odhadem ptibuznosti mezi
jednotlivymi pary samic. PfestoZe variabilita v morfologii vajec poldka velkého je spojena s VHP, nelze

podle ni spolehlivé urcit parazitovana a neparazitovana hnizda.



Kapitola 4

Proteinovy fingerprinting odhalil vysokou flexibilitu v parazitické strategii u samic polaka velkého

(Aythya ferina)

Petrzelkovad, A., Klvana, P., Albrecht, T. a Horak, D.

Abstrakt

Vnitrodruhovy hnizdni parazitismus (VHP) je alternativni reprodukéni strategie ptaka. Priciny uziti této
strategie se mohou rdznit. Podle hypotézy ,a fecundity enhancement’ samice mohou kombinovat
klasické hnizdéni a parazitismus, coZ vede k narUstu jejich reprodukéniho Uspéchu. Na druhou stranu
nékteré samice snasi paraziticka vejce jen jako ,a-best-of-bad-job”. To mohou byt samice, které
nedokazaly ziskat vlastni hnizdo, nebo o néj pfisly. Sorenson navrhl , reproductive decesion” model,
ktery predpoklada, Ze samice jsou v rozhodovani ovlivnény podminkami prostfedi a jejich fyzickym
stavem. Proto samice v ramci dané hnizdni sezony (i) mohou snaset vejce jen do vlastniho hnizda, (ii)
nebo mohou snaset vejce pouze paraziticky, (iii) nebo mohou kombinovat viastni snisku a parazitismus
nebo (iv) mohou na reprodukci v daném roce zcela rezignovat. Pro identifikaci vajec jednotlivych samic
jsme poufZili proteinovy fingerprnting, a proto jsme zaznamenali data jen o samicich, kterd snesla
alesponi jedno vejce. Zjistovali jsme, jaka je frekvence jednotlivych reprodukénich strategii v rdmci
studované populace poldka velkého (Aythya ferina). Zjistili jsme, Ze nékteré samice snasi vejce jen do
vlastni snsky. Parazitismus vyuzivaji nékteré samice jako strategii ke zvyseni reprodukéniho Uspéchu,
zatimco jiné ji vyuZzivaji jako ,the-best-of-bad-job“, pokud nemaji vlastni hnizdo, nebo o néj pfisly. Tyto
tfi reprodukéni strategie byly v rdmci populace zastoupeny rovnomérné a zjistili jsme, Ze samice je
mohou mezi lety ménit. Z celkového poctu 41 hnizd bylo 71.9 % parazitovdno a 31.5 % vajec bylo
sneseno parazitickou samici. Vysledky naznacuji, Ze VHP je u polaka velkého velice flexibilni strategie a

samice mohou reprodukéni strategie ménit mezi lety.



Introduction

The main topic of presented theses is conspecific brood parasitism (CBP) in birds that was studied in
two different species. Brood parasitism is known phenomena in birds but mainly as an obligate brood
parasitism where parasitic female is not able to build own nest and lay egg to another female’s nest of
the different species (Payne 1977; Davies 2000). Then she leaves the nest and does not provide any
subsequent parental care. In such a case, we can distinguish parasitic egg or parasitic young because
there are obvious morphological differences between host and parasite. In contrast, conspecific brood
parasites lay egg in the host nest of the same species and thus recognize parasitized nests is
problematic. As a reason, CBP was long time consider as rare against obligate brood parasitism (Payne
1977). Parasitized nests can be distinguished by traditional methods as abnormal clutch size, or egg
with weird appearance. Another traditional method is finding irregularities in egg laying. Birds are able
to lay only one egg per 24 hours (Sturkie 1965). If there appears more egg in the clutch during one day
the nest was probably parasitized (MacWhirter 1989; Yom-Tov 1980; Mgller 1987; Vedder et al. 2007,
2010). However, these methods can underestimate or overestimate the true frequency of CBP (McRae
1997; Andersson and Ahlund 2001; Grgnstgl et al. 2006; Waldeck and Andersson 2006; Griffith et al.
2009). Molecular methods as protein fingerprinting or microsatellite typing seems to be more accurate
(Anderholm et al. 2009; Andersson a Ahlund 2001; Waldeck and Andersson 2006) and with their
integration to a field biology the awareness about CBP started to grow. The number of known brood
parasitic species increased from 53 (Yom-Tov 1980) to 234 (Yom-Tov 2001) during the last 20 years of
the 20th century. On the other hand, these methods have also some disadvantages. They are relatively
expensive and time consuming (Andersson and Ahlund 2001). So, there is an effort to develop a
method for determination of parasitized nests and eggs based on differences in egg morphology (Eadie
1989). It is based on Euclidean distances calculated for pairs of eggs within a clutch using standardized
egg measurements of length, width and weight. However, in some of the bird species was found that
parasite and host are often related (Andersson and Ahlund 2000; Andersson and Waldeck 2007;
Waldeck et al. 2008; Tiedemann et al. 2011; Duda and Chetnicki 2012). Because egg size is highly
heritable (reviewed by Christians 2002), the difference between parasitic and host egg would be

smaller and distinguish parasitic egg with Eadie’s method can be problematic.

CBP is highly prevalent in birds with precocial mode of parental care (Yom-Tov 2001). Almost
50% of species in order Anseriformes are conspecific brood parasites and on the other hand only 1%
in order Passeriformes (Yom-Tov 2001). Several reasons are discussed to clarify this disproportion.
Firstly, precocial birds lay more eggs than similar sized altricial species (Ar and Yom-Tov 1978).
Secondly, the nest is unattended during the most of a laying period because they start incubation at

the end of a clutch completion. Finally, parental care about extra egg and young is not as demanding



in precocial species (Sorenson 1992). Other factors as colonial nesting or cavity nesting can influence
the frequency of CBP (Beauchamp 1997). In colonial species nests are placed close together a thus
parasitic female can easily find the host nest. In secondary cavity nesting species, the nest can be

limiting factor and if there is not enough nest sites the rate of CBP can increase (Andersson 1984).

But, why females lay own eggs in others female’s nest and do not incubate them by
themselves? There were proposed several hypotheses that are based on environmental and
physiological condition (reviewed: MacWhirter 1989; Rohwer and Freeman 1989; Petrie and Mgller
1991; Lyon and Eadie 2008). Females may use parasitism as ‘a best-of-bad-job’ (e.g. Dawkins 1980)
when they are not able to gain nest site or territory for normal breeding or when they are in poor
condition and/or with little experience (Eadie 1989; Lank et al. 1989; Lyon 1993; Sorenson 1991). To
‘the best-of-bad-job’ we can ascribe also the Nest lost hypothesis, when female lay parasitically
because she lost her nest through predation (McRae 1997) or abandon it because of parasitism
(Stovicek et al. 2013). On the other hand, ‘fecundity enhancement’ hypothesis (Kendra et al. 1988)
predicts females may increase their reproductive effort through the CBP. In case of mixed reproductive
tactic, parasitic female has nest of her own and lay some eggs parasitically, parasitic eggs are often laid
before female’s own clutch initiation (Mgller 1987; Sorenson 1991; Lyon 1993; McRae 1998; Ahlund &
Andersson 2001). Enhancement in fecundity is also predicted if females completely avoid breeding in
own cutch and lay eggs only to foreign nests during all her life (‘a life-long specialist’). But the existence
of life-long specialist has been never confirmed and in different species was found females switch
breeding options between years (Heusmann et al. 1980; Eadie 1989; Sorenson 1991; Forslund and

Larsson 1995; McRae 1998; Ahlund and Andersson 2001).

Sorenson’s (1991) came with a decision reproductive model, that puts females breeding tactic
in one continuum and predicts female may decide according to the conditions in the beginning of the
season what breeding tactic will use. (i) A non-breeding female do not breed at all. (ii) Some of the
females may lay eggs only parasitically (‘pure parasites’), (iii) some may normally breed and care about
their clutch (‘non-parasitic females’) and (iv) the rest of the females can lay some eggs parasitically and
then initiated and care about own clutch (‘nesting parasites’). Interestingly, in some species parasitism
is provide only by ‘pure parasites’ (Eadie and Fryxell 1992; Forslund and Larsson 1995; Sandell and
Diemer 1999; Anderholm et al. 2009; Kreisinger et al. 2010) while in others both parasitic tactics seems

to be present (Sorenson 1991; Anderson and Ahlund 2001).

CBP can be advantageous for parasite but for host can be associated with a number of different
costs. During the parasitic egg laying host eggs can be damaged (Lombardo et al. 1989). With the

number of parasitic eggs the whole clutch size can increase. Increased clutch size may cause: (i)



decrease in number of host young (Eadie 1989; Lyon 1993), (ii) prolonged incubation period and thus
the risk of predation (Gibbons 1986; Nielsen et al. 2006) or (iii) increased in energetic costs for parental
care (Visser and Lessells 2001; Hanssen et al. 2005) and other costs (Brown and Brown 1991; 1998;
Milonoff et al. 2004). So, if the cos of being parasitized is high there should be a strong selection
pressure to avoid parasitism and host may evolve anti-parasitic tactic as egg rejection, nest
abandonment, nest guarding and aggressive behaviour against female intruder (Lyon 1993; McRae

1995; Stovicek et al. 2013; Petrie a Mgller 1991; Davies 2000).

In species where both parents care about a nest, parasitic female can avoid nest guarding
under certain circumstances (Petrie 1986). If the parasitic female copulates with the male from the
host nest, he can deliberately provide her an access to his nest where she can lay the parasitic egg.
This would be an example of an adaptive Quasi-parasitism (QP). On the other hand, QP may arise also
by chance in population where CBP occurs together with extra-pair copulation (EPC; Alves and Bryant
1998; Griffith et al. 2004). EPC is an alternative reproductive strategy where males and females
copulate out of their pair bond (Petrie 1986; Arnold and Owens 2002). Thus, if these two reproductive
strategies are present at certain level, QP can be just a by-product of their combination (Alves and

Bryant 1998; Griffith et al. 2004).



Aims of the study

1) Describe the frequency of CBP in two study species (the common pochard and the barn swallow)
and describe the frequency of QP in barn swallow with use of molecular methods

2) Find if given aspects affected the frequency of CBP:

a. in the common pochard: a timing of breeding.

b. in the barn swallow: a timing of breeding, a breeding synchrony, solitary or colonial nesting.
3) Describe the difference between a clutch size of host and parasitic female bird in both study species.
4) Describe the reproductive tactics of the common pochard and variance in their reproductive effort
5) Test if Eadie’s method is reliable for detection of parasitized nests and parasitic eggs and found if

relatedness can affect this method.



Methods
| studied the CBP on two model species: the common pochard and the barn swallow.

The common pochard is a semi-colonial diving duck breeding in dense littoral vegetation
(Albrecht et al. 2006) and has precocial mode of parental care. We studied two different populations:
first in Poodfi Landscape Protected Area in Czech Republic [49°45’N, 18°09’E] during 2008—2010 and
second in Trebon Biosphere Reserve in Czech Republic [49°09'03.43"N, 14°43'32.55"E] during 2004—
2006. To identify parasitized nests and eggs of individual females we used protein fingerprinting. The
method is based on isoelectric focus of egg white proteins in pH gradient and provides band pattern

characteristic for individual females (Andersson and Ahlund 2001).

The barn swallow is social monogamous passerine with altricial mode of parental care. They
usually nest in colonies but sometimes also solitarily. They build their nests in close proximity of
humans usually in barns and houses for farm cattle. Data were collected during 2010-2012 at two
isolation farms (Saloun, Lomnice nad Luznici [49° 4’ 7.762" N, 14° 42’ 36.521" E] and Hamr, LuZnice [49°
3’ 25.288" N, 14° 46’ 10.82" E]). For identification of parasitized nests, we used microsatellite DNA

typing at six highly-polymorphic loci (Primmer et al. 1995; Tsyusko et al. 2007).

For better clarification of methodology see Chapters 1,2,3,4 in the Ph.D. thesis.



Results

Chapter 1

Conspecific Brood Parasitism and Host Clutch Size in Common Pochards Aythya ferina
Adéla Petrzelkova, Petr Klvania, Tomas Albrecht and David Horak

Abstract

Conspecific brood parasitism is an alternative reproductive tactic in which parasitic females lay eggs
into the nests of other females of the same species who carry out the subsequent parental care.
Conspecific brood parasitism is reported to be common among birds, however detailed information
about rates of parasitism based on molecular identification of alien eggs at the population level is still
scarce. Here, we used protein fingerprinting of egg albumen to identify eggs laid by parasites in a
breeding population of Common Pochard Aythya ferina. Among 42 nests sampled during 3 field
seasons, 162 eggs out of 432 (37.5%) were classified as parasitic. Conspecific brood parasitism occurred
in total in 39 nests (93%). Average clutch size was about 10 eggs. However, after exclusion of parasitic
eggs, the clutch size decreased to about 6 eggs. The number of parasitic females ranged from 1 to 7
and the mean number of parasitic females per clutch was 2.53 £ 0.28. We found a significant negative
correlation between the number of parasitic eggs within a clutch and the timing of breeding —
parasites laid most of the eggs before the estimated peak of initiated nests. In addition, number of
parasitic eggs was negatively related to number of host eggs in the clutch. This observation implies
that cost of excessive parasitism might cause clutch size adjustment in the host but other possible

explanations are discussed.



Chapter 2
Brood parasitism and quasi-parasitism in the European barn swallow Hirundo rustica rustica

Adéla Petrzelkovd, Romana Michalkova, Jana Albrechtova, Jaroslav Cepak, Marcel Honza, Jakub

Kreisinger, Pavel Munclinger, Martina Soudkova, Oldfich Tomasek and Tomas Albrecht
Abstract

We studied patterns of extra-pair maternity (EPM) in 245 nests (225 nests belonging to 120 females of
known identity) of sexually promiscuous European barn swallows (Hirundo rustica rustica) over a 3-
year period. At least one EPM nestling was identified in 54 nests (22.0 %), representing 5.7 % of a total
of 1060 nestlings. Up to 28.3 % of all EPM nestlings resulted from quasi-parasitism (QP), whereby nest-
attending males sired parasitic offspring. Nests of quasi-parasitic females were never in close proximity
to the host nest. Our data thus indicate nonrandom QP patterns in our population suggesting that QP
can be considered a third alternative reproductive strategy alongside extra-pair paternity (EPP) and
intraspecific brood parasitism (IBP). Of several socioecological factors evaluated, only number of
simultaneous egg-laying females in the population proved a good predictor for EPM occurrence.
Whereas parasitic females produced more offspring per breeding attempt than was the population
average, both QP and IBP affected host female reproductive output, being associated with a reduced
number of her offspring produced from the nest. On the contrary, QP resulted in an increase in the
number of offspring produced by nest-attending males, suggesting that males may benefit from

cooperating with parasitic females at the expense of their social partners.



Chapter 3

Egg morphology fails to identify nests parasitized by conspecifics in common pochard: a test based on

protein fingerprinting and including female relatedness
Adéla Petrzelkovd, Hannu Poysa, Petr Klvana, Tomas Albrecht, David Horak
Abstract

Conspecific brood parasites lay eggs in nests of other females of the same species. A variety of methods
have been developed and used to detect conspecific brood parasitism (CBP). Traditional methods may
be inaccurate in detecting CBP and in revealing its true frequency. On the other hand, more accurate
molecular methods are expensive and time consuming. Eadie developed a method for revealing CBP
based on differences in egg morphology. That method is based on Euclidean distances calculated for
pairs of eggs within a clutch using standardized egg measurements (length, width and weight). We
tested the applicability of this method in the common pochard Aythya ferina using nests that were
identified as parasitized (39 nests) or non-parasitized (16 nests) based on protein fingerprinting of eggs.
We also analyzed whether we can distinguish between parasitic and host eggs in the nest. We found
that variation in MED can be explained by parasitism but there was a huge overlap in MED between
parasitized and non-parasitized nests. MED also increased with clutch size. Using discriminant function
analysis (DFA) we found that only 76.4% of nests were correctly assigned as parasitized or non-
parasitized and only 68.3% of eggs as parasitic or host eggs. Moreover, we found that MED in
parasitized nests increased with relatedness of the females that laid eggs in the nest. This finding was
supported by positive correlation between MED and estimated relatedness in female—female pairs.
Although variation in egg morphology is associated with CBP, it does not provide a reliable clue for

distinguishing parasitized nests from non-parasitized nests in common pochard.



Chapter 4
Protein fingerprinting revealed high flexibility in brood parasitism strategies among females of the
Common Pochard (Aythya ferina)

Adéla Petrzelkova, Petr Klvania, Tomas Albrecht and David Horak

Conspecific brood parasitism (CBP) is an alternative reproductive strategy in birds. Motivations to use
this behaviour can differ among females. According to ‘a fecundity enhancement hypothesis’ females
can mix normal reproduction in own nest with parasitism and thus increase their reproductive success.
On the other hand, some females lay parasitic eggs only as ‘a best-of-bad-job’. These can be females
that are not able to gain own nest or territory or females that lost their nest. Sorenson’s reproductive
decision model predicts that females may adjust the breeding strategy to conditions of the
environment and their physiological state. Thus, (i) females may lay only in own nest and do not lay
any egg parasitically can thus adopt or (ii) become a pure parasite, (iii) mixed reproductive strategy —
combine breeding with parasitism, or (iv) even omit reproduction completely in given breeding season.
For detection of parasitic eggs, we used protein fingerprinting thus we collected data only about
females that laid at least one egg. We investigated frequency of respective strategies in a population
of the common pochard (Aythya ferina). We found that some females laid eggs only in own nest and
other use CBP as a mixed reproductive strategy to enhance their reproductive effort but also as ‘the
best-of-bad-job’ strategy when they do not have nest of their own or after the nest loss. All these three
reproductive strategies were in balance in our study population and females changed their
reproductive strategies between years. We found 71.9% (41) of nests were parasitized and 31.5% (164)
eggs were laid parasitically. Our results suggest that in the common pochard CBP is a highly flexible

reproductive strategy and females are able to switch their reproductive strategies between years.
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