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Souhrn

Investice do reprodukce patii mezi jedny z hlavnich komponent utvarejicich Zivotni historii druhu. Reprodukéni
uspésnost vsak Casto zavisi na faktorech prostiedi vytvarejicich omezeni, ktera nelze jasné predikovat.

Z hlediska teorie ,,bet-hedging® je pro udrzeni dlouhodobého fitness jedince zasadni vyuzivani smisenych
strategii, které nestalost t€chto vlivii prostfedi béhem jednotlivych reprodukénich pokust eliminuji. Predace je
jednim ze zasadnich faktort urcujicich reprodukeni tspésnost jedince a jeji role v evoluci alternativnich
reprodukénich strategii, mimo jiné také vnitrodruhového hnizdniho parazitizmu a mimo-parovych paternit je
bezpochyby zasadni. Za investice do reprodukce Ize ve smyslu trade-off mezi sou¢asnym a budoucim
reprodukénim pokusem, neboli zbytkovym reprodukénim potenciadlem, povazovat také behaviordlni mechanismy
souvisejici s obranou hnizda. Pfestoze existuje mnozstvi studii, které popisuji trade-off mezi investici do obrany
hnizda vs. rodice, prace podrobné sledujici faktory utvarejici adaptivni vzorce chovani u konkrétnich
antipredacnich strategii spojenych s obranou hnizda jsou ojedinélé. Podobné bylo doposud vénovano velmi malo
pozornosti odhalovani mechanismi souvisejicich s obranou sntisky v pted-inkuba¢nim obdobi u druhu, které

z divodu dosazeni synchronniho lihnuti odkladaji inkubaci snisky az do doby jeji kompletace. V dobé kladeni
vajec je tak sniska kromé zvySeného rizika predace vystavena také sub-optimalnim teplotam a zvysené
pravdépodobnosti proniknuti patogent do vnitinich struktur vejce, které mohou redukovat zivotaschopnost
embrya. V souvislosti s vySe nastinénou problematikou, pfedkladam zde diserta¢ni praci, ktera je souborem
publikaci, které studuji vySe uvedené aspekty reprodukéni biologie a antipreda¢niho chovani u kachny divoké
(Anas platyrhynchos). V jednotlivych studiich pfedloZzenych v ramci této disertaéni prace se konkrétné podatilo:
a) popsat vyskyt a distribuci vnitrodruhového hnizdniho parazitizmu a mimo-parovych paternit v pfirozené
populaci kachny divoké a diskutovat faktory, které mohou tyto alternativni reprodukéni strategie ovliviiovat; b)
prokazat dtlezity vliv vegeta¢niho zakryti hnizda, svételné denni periody a spankové pozice na antipredacni
vigilanci béhem spanku u inkubujici kachny divoké; ¢) navrhnout a experimentalné testovat alternativni
teoreticky model pro interpretaci unikového chovani kofisti, zaloZzeny na zcela proximatnim piistupu; d)
prokazat, ze ¢asteéna inkubace snlsky a zakryvani snisky prachovym petfim v pfed-inkubaénim obdobi u
vrubozobych neovliviiyje riziko proniknuti mikrobialni infekce do vejce. Avsak ¢aste¢na inkubace ma zasadni
vliv na lihnivost, a spolu se zakryvanim sniisky a ptitomnosti bakterialni infekce zasadné ovlivituje fenotyp
mladéte.

Cile prace

e stanovit miru a distribuci EPP a CBP v pfirozené hnizdni populaci kachny divoké a diskutovat faktory,
které mohou intenzitu vyuzivani EPP a CBP u vrubozobych ovliviiovat

e zhodnotit faktory ptisobici na antipredac¢ni vigilanci béhem spanku u inkubujici kachny divoké ve
smyslu trade-off mezi investicemi samice do souc¢asného a budouciho reprodukéniho pokusu

o diskutovat paradigma ultimatniho pohledu na proces rozhodovani kofisti pro unikové chovani a
navrhnout alternativni teoreticky model zalozeny na zcela proximatnim pfistupu, vyuzivajicim vizualni
stimuly vyvolané predatorem a faktory které tyto stimuly ovliviiyji jako parametry modelu

e zhodnotit funkci a vyznam ¢asteéné inkubace a zakryvani snisky prachovym pefim v pfed-inkuba¢nim
obdobi na pravdépodobnost mikrobialni infekce sniisky a posoudit vliv tohoto chovani na udrzovani
zivotaschopnosti embrya
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Strucéné shrnuti publikaci predloZenvych v ramci disertacni prace:

[1] Analyza mimo-parovych paternit a vnitrodruhového hnizdniho parazitismu u kachny divoké
(Anas platyrhynchos) s vyuzitim neinvazivnich metod

Kreisinger, J., Munclinger, P., Javiirkova, V. and Albrecht, T. (2010) Journal of Avian Biology, 41:
551-557

Analysis of extra-pair paternity and conspecific brood parasitism in mallards Anas platyrhynchos using non-invasive

techniques
Kreisinger, J., Munclinger, P., Javiirkova, V. and Albrecht, T. (2010) Journal of Avian Biology, 41: 551-557

Tato publikace shrnuje vysledky sledujici soucasny vyskyt a distribuci dvou alternativnich reprodukénich
strategii; vnitrodruhového hnizdniho parazitismu (CBP) a mimo-parovych paternit (EPP) v pfirozené populaci
kachny divoké (Anas platyrhynchos). K témto G¢elim byl vyuZit geneticky material pochazejici jednak z pefi
samice, které je u vrubozobych soucasti hnizdni vystelky, tak z vaje¢nych zarode¢nych obalu, které po vylihnuti
mlad’at v hnizdé zlstavaji. Diky tomuto molekularné-genetickému ptistupu bylo mozné v ramei jednotlivych
hnizd rozliSit mezi témito reprodukénimi strategiemi a posoudit tak jejich prevalenci a distribuci v hnizdni
populaci.

Z vysledkt vyplyva, ze 24% ze vSech analyzovanych hnizd obsahovalo alespon jedno parazitické mlade
a 10,1% ze vSech mlad’at pochazi z CBP. Molekularni data rovnéz umoznily prokazat, ze vétsina parazitickych
samic kladla pouze do jednoho hnizda a parazitické samice nebyly z fad lokaln€ hnizdicich samic, coz poukazuje
na to, ze byla tato strategie v nasi populaci vyuZzivana bud’to jako ,,best of bad job* strategie samicemi, které
nejsou schopné zahnizdit, ¢i se CBP tcastnily samice z jiné, vzdalen&jsi hnizdni populace. Dilezitym zjisténim
rovnéZ je, ze pravdépodobnost byt parazitovan v ramci populace nebyla ndhodna.

Analyza EPP prokazala, ze 9,3% neparazitickych mlad’at pochazi z EPP a jedno nebo vice mimo-
parovych mlad’at (EPY 's) bylo detekovano ve 48% analyzovanych hnizd. Tyto hodnoty se na rozdil od CBP
shoduji s mirou EPP pozorovanou u jinych druht vrubozobych, ale i pfesto patii z dosud dolozenych mezi
nejvyssi. Déle se podatilo prokazat, ze otcové mimo-parovych mlad’at jsou témét vyhradné samci z lokalni
populace. Avsak na rozdil od CBP byl prokdzan nahodny vyskyt EPP v ramci populace, coZ poukazuje na fakt,
ze pravdépodobnost u€astnit se mimo-parovych kopulaci u samce a ztratit paternitu ve vlastnim hnizdé€ se u nami
studovaného druhu v ramci populace neméni, coz nejspise souvisi s neschopnost samice se mimo-parovym
kopulacim branit.

[2] Faktory ovliviiujici vigilanci béhem spanku u inkubujici kachny divoké
Javirkova, V., Horék, D., Kreisinger, J., Klvana P. and Albrecht, T. (2011). Ethology 117(4): 345-
355

Factors affecting sleep/vigilance behaviour in incubating Mallards
Javurkova, V., Hotdk, D., Kreisinger, J., Klvania P. and Albrecht, T. (2011). Ethology 117(4): 345-355



Tato studie je zaméfena na posouzeni faktort, které se podileji na zméndch ve vigilanci béhem spanku u
inkubujici kachny divoké (Anas platyrhynchos). K této podrobné analyze bylo vyuzito celkem 17 kontinualnich
48-hodinovych videozdznamt inkubujici samice na hnizd€. Z vysledki prezentovanych v této studii vyplyva, ze
se zvySujici se hustotou vegetacniho zakryti hnizda, které je na strané oka vyuzivaného ke ,,scan‘ intervalim se
zvySuje také celkova vigilance, a to bez ohledu na svételnou periodu dne a spankovou pozici. Naopak prumérné
vegetaéni zakryti hnizda vigilanci neovliviiovalo. Tento vysledek je v opozici se studiemi, interpretujicimi
snizovani vigilance v pfitomnosti hustého vegetaéniho krytu diky tomu, Ze se kofist citi bezpeénéji. Naopak,
tento vysledek jasné prokazuje, ze i v pripadé kryptického jedince plisobi husta vegetace jako prekazka pro
vizualni vnimani podnéta z okoli.

Kromé toho se ndm podatilo prokazat snizovani celkové vigilance i frekvence ,,scan® intervali béhem tmavé
denni periody s opacnym trendem vyuzivanym béhem dne. Tento vysledek opét potvrzuje pfedpoklad, ze béhem
tmavé denni periody, kdy je vizudlni vnimani omezeno, by méla byt vigilance redukovana.

Zajimavym pozorovanim v nasi studii je také pfizptisobovani vigilance spankovym pozicim v zavislosti
na denni period€. Zatimco v noci byly samice vice vigilantni béhem ,,rest pozice (spanek se zobdkem na hrudi)
a méné béhem ,,skapularni pozice (zobak ulozen na zadech), ve dne byl tento trend opacny, avSak
nesignifikantni. Pfestoze pro vyuzivani jednotlivych spankovych pozic se usuzuje na termoregulacni funkci,

V nasi studii jsme tento pfedpoklad neprokazali, jelikoz samice preferovaly tuto pozici v noci, kdy je okolni
teplota nizsi. Proto se ptiklanime k interpretaci, Ze spankova pozice miize poukazovat na ,,intenzitu* spanku, kdy
,,rest” pozice je vyuzivana jako bdélejsi forma spanku coz bylo v nasi studii potvrzeno vyssi vigilanci v této
pozici béhem noci.

[3] Alternativni teoreticky pFistup pro hodnoceni unikové reakce kofisti: role vizualnich stimuli
Javirkova, V., Sizling, A. L., Kreisinger, J. and Albrecht, T. (2011) (submitovano 7/2011 PL0oS
ONE)

An alternative theoretical approach to escape decision-making: the role of visual cues Javiirkové, V., Sizling, A. L.,
Kreisinger, J. and Albrecht, T. (2011) (submitovano 7/2011 PLoS ONE)

Tento predlozeny manuskript predstavuje fuzi teoretického a experimentalniho pfistupu pro hodnoceni unikové
reakce kofisti. Zminéné vysledky predchozi publikace, které prokazaly zasadni roli vegetace ve zpracovani
vizualnich stimuld nas pfivedly k pfehodnoceni tradi¢nich teoretickych modeld uvazujicich predev§im adaptivni
mechanismy v procesu rozhodovani kofisti k unikové reakci. V této praci jsme navrhli novy teoreticky model,
zalozeny na zcela proximatni interpretaci inikového chovani jako procesu vyvolaného vizualnimi podnéty
zpusobenymi piiblizujicim se predatorem. Jako parametry modelu jsme pouzily tzv. ,,Jooming stimuli* neboli
retinalni obraz pfiblizujiciho se objektu, vegetaéni zakryti a smér piistupu predatora (viz napt. Hemmi 2005,
Hemmi & Pfeil 2010). Pro otestovani modelu jsme pouzili experimentalni data sledujici tnikovou vzdalenost
(FID — flight initiation distance) u inkubujici kachny divoké a prokazali shodu parametrii modelu

s experimentalnimi daty. V souladu s predikcemi modelu jsme v experimentu prokazali interakci vegetaéniho
zakryti a sméru ptistupu predatora. Kofist ptizptisobovala svou tnikovou reakei stupni vegetacniho zakryti
pouze v pripad¢ ptimého pfistupu predatora smérem ke kotisti. Béhem transverzalniho pfistupu predatora nebyl
efekt vegetace patrny. Tyto zavéry poukazuji na fakt, Ze i komplexni situace uvazujici interakci vice faktorti

V procesu rozhodovani kofisti kdy uniknout lze interpretovat pomoci zcela proximatniho ptistupu. Vzhledem

k tomu, Ze proménné v ndmi navrhovaném modelu lze na rozdil od tradi¢nich ultimatnich modeld jasné
parametrizovat, povazujeme na§ model za parsimongjsi alternativu k tradiénim, dosud vyuzivanym adaptivnim
teoriim interpretujicim unikové chovani kofisti.

[4] Ovliviiuji ¢asteéna inkubace sntiSky a zakryvani snis$ky hnizdnim materidlem v pre-
inkuba¢nim obdobi u prekocidlnich druhu ptaki riziko proniknuti mikroorganismi do
vnitinich struktur vejce?

Javiirkova, V., Albrecht, T., Mrazek, J. and Kreisinger, J. (2011) (submitovano 8/2011 Functional
Ecology)

Do intermittent incubation and covering of clutch by nest lining feathers affect trans-shell infection in ground nesting

precocial birds?
Javarkova, V., Albrecht, T., Mrazek, J. and Kreisinger, J. (2011) (submitovano 8/2011 Functional Ecology)

V této studii jsme se zaméfili jednak na testovani mechanismt, které mohou redukovat pravdépodobnost
proniknuti mikroorganismu do vnitinich struktur vejce a dale pak na vliv pfitomnosti bakterialni infekce (déle
BI) ve vejci na jeho lihnivost a fenotyp mlad’at.

Na rozdil od vSech ptedchozich praci jsme pro kvantitativni a kvalitativni hodnoceni ptitomnosti BI pouzili zcela
molekularni ptistup (RT-PCR a DGGE). V této praci jsme prokazali, ze jak Caste¢na inkubace, tak zakryvani



sntsky hnizdnim materidlem v pfed-inkubacnim obdobi, nema vliv na pravdépodobnost proniknuti BI do vejce.
Rovnéz se ndm nepodatil prokazat vliv pfitomnosti ¢i intenzity BI na lihnivost vajec. Tento vysledek je

Vv rozporu s ptedchozimi studiemi, které prokazuji snizenou lihnivost a vysokou incidenci BI ve vnitinich
strukturach vejce. Nicméné tyto studie vychazi z experimentt, kde lihnivost a pfitomnost BI je hodnocena na
dvou nezavislych experimentalnich skupinach sntisek. Naopak nase studie ndAm umoznila testovat pfimou
zavislost pfitomnosti BI a lihnivosti. V nasi studii jsme dale prokazali zdsadni vliv ¢astecné inkubace na
lihnivost vajec, ktera spolu s pfitomnosti BI a zakryvanim snsky ovliviiovala také fenotyp mlad’at. Detailnéjsi
diskuzi téchto vysledku lze nalézt v ptilozeném manuskriptu. Je nutno podotknout, Ze nase studie je prvni, ktera
pfimo testuje vliv pfitomnosti BI na lihnivost vajec a fenotyp mlad’at a blize studuje funkci a vyznam ¢astecné
inkubace a zakryvani sntisky v pre-inkubaénim obdobi na reprodukéni Gspésnost temperatnich, prekocialnich
druhti ptaka.
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Summary

Investment in reproduction is considered to be crucial component of life history traits. Reproductive success is
however constrained by generally unpredictable environmental conditions. Based on “bet hedging” theory,
individuals are forced to eliminate such unpredictability via the mixed strategy to maximize their long-term
fitness. Predation represents underlying factor affecting individual reproductive success, and it undoubtedly lies
behind the evolution of alternative reproductive strategies such as extra-pair paternity and conspecific brood
parasitism. Behavioral mechanisms related to nest defense are thought to be investment in reproduction in
accordance with trade-off between actual and residual reproductive value. Despite the extensive interest in the
principles associated with parental investment into the nest defense, studies describing in detail the pattern of
particular antipredator strategies are rare. Similarly, mechanisms responsible for maintenance of egg-viability
during prolonged egg-laying period in species delayed the onset of incubation are poorly understood. In
accordance with mentioned themes, this thesis includes publications aimed at aspects of reproductive biology
and antipredator behavior in Mallards (Anas platyrhynchos). Particular publications concretely documented: a)
occurrence and distribution of conspecific brood parasitism and extra-pair paternity in breeding population of
Mallards, and discussed potential factors affecting them; b) underlying role of nest vegetation concealment, time
of day and sleeping postures on sleep/vigilance behavior in incubating Mallards; ¢) proposed theoretical model
solely based on proximate approach considering predator-mediated visual stimuli, vegetation cover and
predator’s moving pathway as model’s parameters; d) intermittent incubation and clutch covering by nest lining
feathers have no effect on the probability of bacterial trans-shell infection, however we revealed trans-shell
infection, intermittent incubation and clutch covering significantly affect offspring phenotype and documented
beneficial effect of intermittent incubation on hatchability of eggs.

Aims of the thesis:

e to evaluate the rate and distribution of EPP a CBP in naturall breeding population of Mallards and
discuss factors affecting the intensity and distribution of EPP and CBP in waterfowl

o to determine factors affecting sleep/vigilance behavior in incubating Mallards in accordance with future
investment in reproduction

e to discuss paradigm of ultimate approach for interpretation of escape decision-making and propose an
alternative theoretical model solely based on proximate approach considering predator-mediated visual
stimuli and factors affecting them as a model parameters

e to evaluate the role of intermittent incubation and clutch covering by nest linig feathers during egg-
laying period on the probability of trans-shell infection, maintenance of egg-viability and hatching
success
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[1] Analysis of extra-pair paternity and conspecific brood parasitism in mallards Anas
platyrhynchos using non-invasive techniques

Kreisinger, J., Munclinger, P., Javiirkova, V. and Albrecht, T. (2010) Journal of Avian Biology, 41:
551-557

A method that was based on non-invasive sampling of genetic material was used to determine the rates of extra-
pair paternity (EPP) and conspecific brood parasitism (CBP) in mallards. Maternal and offspring DNA were
extracted from feathers in nest material and hatched eggshell membranes. Using 8 microsatelite loci, extra-pair
offspring were detected in 48% of nests and accounted for 9.3% of all offspring. In addition, 10.1% of the
offspring were confirmed to result from CBP, and 24% of all nests contained at least 1 offspring from CBP.
Rates of conspecific nest parasitism were higher than those of related species, which might have been due to
higher breeding densities at our study site. The incidence of EPP was distributed randomly (i.e. did not deviate
from bionomial distribution) throughout the population, indicating that variations in pre-copulatory (e.g. female
choice, mate guarding) or post-copulatory processes (e.g. sperm competition, cryptic female choice) do not
affect the distribution of EPP among breeding pairs markedly. Yet, our data provide evidence of variation in the
risk of being parasitized among breeding females. The occurrence of CBP and EPP was unaffected by the timing
of the breeding attempt or breeding synchrony.

[2] Factors affecting sleep/vigilance behaviour in incubating Mallards
Javurkova, V., Hotak, D., Kreisinger, J., Klvana P. and Albrecht, T. (2011). Ethology 117(4): 345-355

Vigilance is a behavioural tactic that allows individuals to control their surroundings and to assess predation risk.
In contrast, sleep is unique behavioural state with widely hypothesized restorative and energy-saving

functions, but reducing attentiveness and increasing susceptibility to predation. Sleeping birds resolve this
conflict by interrupting sleep with short periods of eye opening (termed ‘scans’) during vigilant sleep.
Miscellaneous environmental factors and sleeping postures may affect the perception of risk and corresponding
vigilance level. Here, we investigated the influence of nest vegetation concealment, time of day and sleeping
postures on the sleep / vigilance trade-off in incubating Mallards (Anas platyrhynchos). We found that
incubating females increased their vigilance with increasing nest vegetation cover facing the vigilant eye during
both the day and the night periods; however, mean nest vegetation concealment did not affect female vigilance.
Females also reduced their total vigilance along with scan frequency during the night period, while displaying
the opposite pattern during the daylight. The rest-sleeping position was preferred more during the night
compared with the daylight period, and females were more vigilant in this position at night. Our data show that
the nest vegetation concealment regardless of visual abilities during different light conditions, time of day and



sleeping posture play an underlying role in antipredator vigilance during sleep in this cryptic ground-nesting
bird.

[3] An alternative theoretical approach to escape decision-making: the role of visual cues
Javurkova, V., Sizling, A. L., Kreisinger, J. and Albrecht, T. (2011) (submitovano 7/2011 PLoS ONE)

Escape enables prey to avoid an approaching predator. Theoretical models considering ultimate explanations
based on costs/benefits paradigm have been traditionally used to interpret escape decision-making process.
These ultimate approaches however suffer from inseparable extra-assumptions due to inability to accurately
parameterize model’s variables and their interactive relationships. In this study we therefore propose
mathematical model using the intensity of predator-mediated visual stimuli as a basic cue for escape response.
We consider looming stimuli (i.e. expanding retinal image of moving predator), vegetation cover, and directness
of predator’s moving trajectory including its interactive effect as model variables, and fitted them to
experimental data examining flight initiation distance (FID - i.e. distance when escape begins) of incubating
Mallards. As predicted by the model, vegetation concealment and directness of predator's trajectory interacted -
FID decreased with increasing vegetation concealment during direct predator’s approach towards the prey but
not during a tangential one. Thus we show that the simple proximate expectation that only involves visual
processing of the moving predator may explain interactive effects of environmental and predator-induced
variables on prey's escape response. We assume that our alternative proximate approach offers plausible and in
principal more parsimonious explanation for variation in FID than the traditional ultimate one and should be
considered as an interpretation tool in future studies focused on prey escape behavior.

[4] Do intermittent incubation and covering of clutch by nest lining feathers affect trans-shell
infection in ground nesting precocial birds?

Javurkova, V., Albrecht, T., Mrazek, J. and Kreisinger, J. (2011) (submitovano 8/2011 Functional
Ecology)

Microbial infection is considered to be critical source of hatching success in birds. Persistence of diverse bacteria
on the eggshell may facilitate microbes to invade the egg content and interfere with developing embryo. Despite
the existence of various mechanisms considered to eliminate risk of microbial infection, possible antibacterial
role of intermittent incubation and clutch covering by nest lining during the egg laying period, when eggs are
mostly susceptible to bacterial trans-shell infection (hereafter “BTSI”), remains unresolved. Here we used for the
first time culture-independent PCR based methods to measure quantitative and qualitative indices of BTSI of
experimentally exposed fertile mallard’s eggs that were either untreated or treated by intermittent incubation,
covering by nest lining, and combination of both. Hatching success of experimental eggs and offspring quality
were subsequently assessed. Data revealed that eggs originating from identical artificial nests had both similar
bacterial diversity, and the probability of being infected. Neither intermittent incubation, nor clutch covering had
the effect on the probability of BTSI. Similarly, none of these factors affected bacterial diversity of infected
eggs. Hatching success was twice as high in intermittently incubated eggs than in un-incubated ones but BTSI
had no effect on hatchability. However, infection seemed to have effect on embryo developments, since
ducklings that hatched from infected and intermittently incubated eggs had reduced weight compared to un-
infected and non-incubated eggs, respectively. Contrariwise, ducklings from covered eggs were heavier in
comparison to ducklings that hatched from uncovered eggs. This study provides to our knowledge the first
evidence of relationship between the BTSI, egg viability and offspring phenotype in birds by using of culture-
independent methods.
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