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Télesna kondice je jednim se zakladnich faktort ovlivAujicich pfezivani i reprodukéni Uspésnost jedincd.
Prace bude zamérena na:

(1) Shromazdéni poznatkl o vlivu faktort prostfedi na télesnou kondici potapivych kachen a vlivu télesné
kondice na parametry reprodukce.

(2) Analyzu vlivu vybranych faktora na télesnou kondici hnizdicich samic poléka velkého a polaka
chocholacky.

(3) Analyzu vlivu télesné kondice hnizdicich samic polaka velkého a polaka chocholacky na parametry
reprodukce.

Metodika

Predpokladem prace je zpracovani literarni reserSe shrnujici dosavadni poznatky o faktorech prostredi
ovliviujicich télesnou kondici hnizdicich potapivych kachen, a déle o vlivu télesné kondice na reprodukéni
Uspésnost. Prace bude zaloZena na vlastnim sbéru dat v terénu v roce 2020 ve spolupraci se $kolitelem,
dalsimi studenty a spolupracovniky z fad pracovniki FZP €ZU: vyhledavani a kontroly hnizd, sledovani indi-
vidualné znacenych samic, ziskavani dajt o podminkach prostredi hnizdniho habitatu. Dale budou vyuzity
srovnavaci Udaje shromazdéné skolitelem, jeho spolupracovniky a autorkou (pro tcely bakalarské prace),
v predchozich letech na rybnicich Treboriska, Sobéslavska a Jindfichohradecka.

Pro statistické analyzy budou vyuzity kontinualni data za obdobi let 2004 az 2020. U jednotlivych naleze-
nych hnizd budou zaznamenavany Udaje o nacasovani hnizdéni, po¢tu snesenych vajec, rozmérech vajec
a uspésnosti lihnuti snsek. Jako indikatory télesné kondice hnizdicich samic budou pouzity télesné rozméry
a hmotnosti, a jejich vzajemné interakce (tzv. kondiéni indexy).

Harmonogram:
* leden—rijen 2020: zpracovani literarni reserse

¢ duben—srpen 2020: terénni prace
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Abstrakt

Télesnd kondice je individudlni charakteristika zahrnujici udaje o fyziologickém
stavu organismu Vv tzkém vztahu k jeho piezivani a fitness. Predkladana diplomova
prace se zabyva dlouhodobym vyvojem a zhodnocenim vlivu faktori prostredi
na télesnou kondici potapivych kachen a posouzenim vlivu télesné kondice

na vyznamné reprodukéni parametry.

ResSersni Cast prace je vénovana popisu faktorth prostiedi a parametra
reprodukce v interakci s télesnou kondici potapivych kachen. V analytické casti
prace, zpracované V podobé manuskriptu piipravovaného ¢lanku, byly statisticky
zhodnoceny vybrané vztahy mezi télesnou kondici a prostfedim a vliv télesné
kondice na reprodukci polaka velkého (Aythya ferina) a polaka chocholacky
(Aythya fuligula) hnizdicich v Jiznich Cechach v letech 2004 az 2020. Té&lesna
kondice hnizdicich samic byla vyjadiena indexy télesné kondice vyuzivajicich délku

ktidla a tarsus.

Datové analyza prokazala signifikantni dlouhodoby nariist télesné kondice
u obou ze studovanych druhi. Dalsi prikazné vysledky pfineslo zhodnoceni vlivu
télesné kondice na parametry reprodukce. Té€lesna kondice pozitivné ovliviiovala
pramérnou velikost vajec a uspéSnost lihnuti sntisky u obou ze studovanych druhi.
Bylo také prokazéano, Ze polak velky za€ind hnizdit dlouhodobé pozdéji v sezoné

cwwvr

dlouhodobé zvétsuji.

klicova slova: potapivé kachny, faktory prostiedi, télesna kondice, kondi¢ni

indexy, reproduk¢ni dspéSnost



Abstract

Body condition is an individual characteristics that decribes physiological traits of an
organism and consequently leads its survival and fitness. The aim of this work is to
evaluate long-term trends in body condition and reproductive performance of diving

ducks in interactrions with environment.

The literature review summarizes environmental factors and reproductive
parameters with consequences to body condition of diving ducks. In analytical part,
there is included prepared manuscriptof paper aimed at pattern in body condition of
Tufted Duck and Common Pochard. The body condition was estimated using body
condition indices for length wing and tarsus. Furthermore, effect of environmental
variables on body condition and then influence of body condition on reproductive
parameters were analysed using data from individual females breeding in South
Bohemia between 2004 and 2020.

Statistical analyses confirmed long-term significant increase in body
condition of both studied species. Moreover, females in better body condition laid
larger eggs and hatched egs with higher probability. Finally, long-term delay in egg
laying occured in Common Pochard and hatching success declined in Tufted Duck,
however laid larger clutches.

key words: diving ducks, environmental variables, body condition, body

condition indices, breeding success
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1 Uvod

Znalosti o télesné kondici ptakd a dlouhodobych zménach reprodukéni uspésnosti
jsou klicové pro studium popula¢ni dynamiky a schopnosti druhii pfizpisobit se
zménam prostiedi (Blums et al., 2005; Guillemain et al., 2010; English et al., 2018).
V kontextu méniciho se klimatu je télesnda kondice vyznamnou charakteristikou
odrazejici zdravi a fyziologicky stav organisml, zmény v migraci a zimovani,
potravni nabidce, mezidruhové i1 vnitrodruhové konkurenci a v odolnosti viici
chorobam. Globalni oteplovani vede ke zméndm v podminkach na hnizdistich
a zimovistich; zimy jsou mirnéjsi, potrava se stava dostupnéjsi a ptaci proto migruji
na krat$i vzdalenost, nez v minulosti (Hiippop & Hiippop, 2003; Podhrazsky et al.,
2017).

Vliv zmén Kklimatu na t€lesnou kondici potapivych kachen a nasledny vliv
téchto zmén na uspésnost reprodukce vSak dosud nejsou dostateCné¢ znamy.
Duvodem miize byt nejednotna metodika odchytu kachen a stanoveni jejich télesné
kondice jako dusledek tradice lovu, kdy se autofi vyzkumnych studiji dlouhodobé
spokojili se vzorkem stielenych exemplarta (Blums et al., 1996; Guillemain et al.,
2010). Tento postup vzdaleny etickym hodnotdam Vv ochrané piirody navic
znemoznuje posoudit meziro¢ni zmény V télesné kondici a vyvodit jejich souvislosti
s reprodukci. Pro ucely deskriptivnich ekologickych studiji autofi stanovuji kondiéni
indexy k vyjadieni celkové velikost téla jedince na zakladé jeho hmotnosti a

télesnych rozmért (Pieg & Green, 2009; Labocha et al., 2014)

Kondiéni indexy mohou byt pouzity jako proménné charakterizujici unikatni
hodnotu télesné kondice jedince v populaci, a jejich pouziti umoziuje dalsi
zkoumani Zivotnich projevu a strategii na Grovni druhu, v¢etné dlouhodobych trendu.
Udaje o dlouhodobém vyvoji télesné kondice potapivych kachen a vlivu na jejich
reprodukéni Gspésnost (nacasovani hnizdéni, velikost vajec a sndsky, uspésnost
lihnuti) jsou podstatnym piinosem pro ochranaiské strategie a mohou byt podkladem
pro management vodnich ploch, které v intenzifikované krajiné postupné ztraci svou
cennou ekologickou a hydrobiologickou hodnotu (Brune et al., 2003; Unglaub et al.,
2018).



2 Cile

Diplomova prace pojednava o dlouhodobych zménach v individualni té€lesné kondici
potapivych kachen a jejich vlivu nareprodukci. Datova analyza je zaméiena
na vybrané zastupce potapivych kachen — polaka velkého (Aythya ferina) a polaka
chocholagku (Aythya fuligula) hnizdici v Jiznich Cechéch v letech 2004—2020.

Préce rozvadi tyto cile:

1. Charakteristika studovanych druhti potapivych kachen — poldka velkého
a polaka chocholacky.

2. Zpracovani literarni reSerSe faktorti ovliviiujicich individudlni télesnou
kondici potapivych kachen a parametri reprodukce, na které muize mit

individualni télesna kondice vliv.

3. Manuscript pfipravovaného ¢lanku, Long-term trends and drivers of female
body condition — implication for reproductive success in Common Pochard
(Aythya ferina) and Tufted Duck (Aythya fuligula), s datovou analyzou (1)
vybranych faktori pisobicich na télesnou kondici poldka velkého a poldka
chocholacky (2) vlivu individudlni télesné kondice na vyznamné parametry
jejich reprodukce (3) dlouhodobych (2004-2020) trendt ve vyvoji jejich

kondice a zkoumanych reprodukénich parametra.



3 Charakteristika studovanych druht

3.1 Polak chocholacka (Aythya fuligula)

Polak chocholacka (Aythya fuligula; Linnaeus, 1758) je taxonomicky fazen do fadu
vrubozobych (Anseriformes), ¢eledi kachnovitych (Anatidae) tribu potapivé kachny
(Aythini) a rodu Aythya. Jeho geografické rozsifeni spada do oblasti Palearktidy,
kde je monotypickym druhem. (Hudec, 1994; Snow & Perrins, 1998). Druh obsadil
v 19. a 20. stoleti vétSinu evropskych pevninskych i1 ostrovnich oblasti véetné
Faerskych a Britskych ostrovli a Norska. V Asii sahd jeho vyskyt az po vychodni
Sibif (Bent, 1951; BirdLife International, 2011)

Polak chocholacka je mensi potapiva kachna plivodem ze severni
a severovychodni Evropy, dnes hojna i v zapadni a stfedni Evropé. Samci (pramérna
délka téla 44 cm) jsou ve srovnani se samicemi (pramérna délka téla 40 cm) vétsi
(Cleeves, 2002; Robinson, 2005). Samce aSsamice je mozné rozliSit na zakladé
napadného pohlavniho dimorfismu. Od 19. stoleti zacal polak chocholacka obsazovat
umélé vodni plochy, coz zptsobilo posun jeho arealu jesté vice na jihozapad Eurasie
(Scott & Rose, 1996). V severni Evropé a severni Asii hnizdi vedle polaka
chocholacky jesté piibuzny druh — polak kaholka (Aythya marila). V Severni
Americe hnizdi polakovi chocholacce dva blizce ptibuzné druhy — polak
prouzkozoby (Aythya collaris) a polak vinkovany (Aythya affinis). Na Novém
Zélandu hnizdi ptibuzny endemicky druh — polak tmavy (Aythya novaeseelandiae).

V naSich podminkdch hnizdi nejcastéji od ¢ervna do Cervence na eutrofnich,
rozlohou mensich rybnicich s vy$si pokryvnosti litoralni vegetace (Hudec, 1994).
V hnizdni dobé¢ preferuje méléi stojaté vody s hloubkou do péti metrii (Bent, 1951).
Mimo vnitrozemi hnizdi v ptimotskych oblastech v blizkosti brakickych a motskych
vod. Snusky o velikostech mezi 5 a 14 vejci inkubuji samice 24-26 dni (Felix, 1986;
Cramp & Simmons, 1977; Snow & Perrins, 1998). Evropskou hnizdni populaci tvofi
témef 900 tis. pard. Pocetnost evropské populace od obdobi v letech 1985-1989
poklesla o 20 % (Stastny & Hudec, 2016). V sou¢asné dobé je v§ak mimo ohroZeni
vyznamnym poklesem a na druh se nevztahuje zvlastni ochrana. Ochranaisky status
polaka chocholacky podle ¢erveného seznamu svétového svazu ochrancu piirody je

malo dotéeny (IUCN, 2020).



3.2 Polak velky (Aythya ferina)

Polak velky (Aythya ferina; Linnaeus, 1758) je rovnéz taxonomicky fazen do fadu
vrubozobych (Anseriformes), ¢eledi kachnovitych (Anatidae) tribu potapivé kachny
(Aythini) a rodu Aythya.

Je stiedné velkou potapivou kachnou (samec: primérna délka téla 46 cm,
samice: pramérna délka téla 42 cm), v porovnani s poldkem chocholackou télesné
robustnéjsi, S napadnym pohlavnim dimorfismem (Felix, 1986). Hnizdo stavi
v hustych porostech vegetace pobliz vody (Perrins & Snow, 1998). Snisky
o0 velikostech 5-11 vajec inkubuji samice 23-26 dnu (Felix 1986). Polak velky je
monotypicky druh vychodni, stfedni i severozapadni Evropy. V Severni Americe
hnizdi dva jemu ptibuzné druhy — polak americky (Aythya americana) a polak
dlouhozoby (Aythya valisineria) (Hudec, 1994).

Piivodné hnizdil polak velky ve stepnich biotopech severovychodni Eurasie
S ptitomnosti brakickych a slanych vod, od poloviny 19. stoleti rozSifuje sviyj areal
zapadnim smérem a kolonizuje oligotrofni a eutrofni jezera (Hagemeijer & Blair;
1997). Srozvojem a intezifikaci rybnikaistvi v Evropé zacal k hnizdéni hojné
vyuzivat také uméle vytvofené vodni nadrze a rybniky (Broyer & Bourguemestre
2020).

V Ceské republice hnizdi od dubna do za¢atku ¢ervence (Stastny & Hudec
2016). Pocetnost polaka velkého v Evropé od 80. let minulého stoleti klesa
(Fox el al., 2016; Broyer, 2019) (viz pfilohu ¢.1). V poslednich letech se na nékolika
lokalitach vyznamné snizily i pocty zimujicich jedinca (Schricke, 2002; Nagy et al.,
2014). Tento pokles je alarmujici pro dalsi vyvoj evropské populace polaka velkého,
ktery stale zlistava ve vétsing evropskych statil (véetng CR) legalné lovenym druhem,
piestoze byl v Cerveném seznamu svétového svazu ochrancii piirody zafazen mezi

druhy ohrozené (IUCN, 2020; Kitowski, 2020).



Literarni reSerse
4 Faktory ovliviiujici individualni télesnou Kkondici
potapivych kachen

Potapivé kachny jsou vybornymi indikatory kvality mnoha typd vodnich
ekosystému. Vnitrodruhova variabilita v jejich télesné kondici v prifezu hnizdnich
sezon muze indikovat dusledky klimatické zmény, kvalitu potravni nabidky
na hnizdisti nebo zimovisti, ale také environmentalni stochasticitu v prib¢hu jarni

a podzimni migrace.

ey

Klimaticky nepfiznivé, mrazivé zimy s nedostatkem potravy pfeziji
pfedevsim jedinci v dobré télesné kondici (Haramis et at., 1986). Té&lesna kondice
potapivych kachen je proto dilezitym determinantem jejich dlouhodobého ptezivani.
(Hepp et al., 1986; Pollock et al., 1989; Blums et al., 1996). V kontextu celych
populaci mize té€lesna kondice vzorku jedinct vypovidat o selekénim tlaku na méné
zdatné jedince, kteti Castéji podléhaji predaci nebo infekcim, které jsou vétSinou

pro kachny letalni.

Faktory, které plsobi na télesnou kondici potdpivych kachen a vyznamné
Jivdlouhodobém horizontu ovlivituji jsou pomémé malo popsané. Velmi
pravdépodobné se jedna o kombinaci vlivii biotickych, abiotickych, druhové

specifickych a individualnich.

Pro ucely predkladané prace byly shromazdény literarni poznatky o nize vybranych

faktorech:
1. Prithlednost vody na hnizdisti
2. Vyrovnanost trofie a dostupnost potravy
3. Klimatické podminky

4. Individualita samice — hnizdni zkuSenost a hnizdni uspéSnost v minulych

letech



4.1 Priihlednost vody na hnizdisti

Potapivé kachny ziskavaji potravu potapénim z hladiny ke dnu (Giles et al., 1990;
Winfield & Winfield, 1994). Pro jejich dospivani a piezivani je proto
nezanedbatelnym faktorem prostiedi vysoka pruhlednost vody, ktera indikuje vhodné
potravni podminky — abundanci bezobratlych — larev hmyzu a mékkysa, ktefi tvori
vyznamnou ¢ast potravy polaka velkého a polaka chocholacky (Owen & Black,
1990; Kear, 2005).

Ve druhé poloving 20. stoleti doslo v Ceské republice a velké &asti Evropy
k radikalnim zménam v chemismu rybni¢nich ekosystému od oligotrofie
a mezotrofie k eutrofii az hypertrofii v disledku intenzivniho hnojeni a splachu zivin
ze zemédé@lské pudy (Musil & Cepak, 2004). Vysoka mira eutrofizace vypovida
0 vysokém zatizeni zivinami (Portielje & Van der Molen, 1999), které v kombinaci
s vysokou obsadkou ryb nemohou byt vytézeny metabolickymi pfeménami ostatnich
vodnich organisma, v disledku ¢ehoz dochazi ke skokovému rozvoji planktonnich

fas a poklesu prahlednosti vody (Blindow et al., 1993; Moss et al., 2004).

Snizena prihlednost vody kachnam znesnadiiuje orientaci pod hladinou pti
hledani potravy. Nejvice zhorSena prthlednost vody na Ttebonsku doprovazi vrchol
hnizdni sezény v letech s vysokymi teplotami a vysokou obsadkou ryb (Musil, 2006)
(viz kap. 4.2). Pretrvavajici snizena prihlednost vody v pribéhu hnizdni sezony
populace potapivych kachen, které nejsou schopny =ziskat dostatek potravy
pro udrzeni energetickych zasob potiebnych pro inkubaci snusky (Hanson & Butler,
1994; Sendek & Aynalem, 2020).

Prihlednost vody také vypovidd o dal$im dilezitém stratifikacnim udaji
vodni nadrze, a sice o pomérném zastoupeni afotické (bez pfistupu svétla)
a eufotické (s ptistupem svétla) vrstvy. Pokud svétlo z diivodu vysokého vegetacniho
zakalu nepronikd do hloubky rybnika, neni umoZnén ani dostateCny rozvoj
submerzni vegetace (napf. rdestu (Potamogeton spp.), paroznatky (Chara spp.),
stolistku (Myriophyllum spp.) (Olney, 1968; Cramp & Simmons, 1977) aj., které
jednak tvofi rostlinnou slozku potravy nékterych potapivych kachen (Olney,

1963), ale predevsim plni dulezitou funkci fotosyntézy a vytvari mikrohabitaty



pro mnoho skupin vodnich bezobratlych (Broyer & Curtet, 2011), kteti v potravé

studovanych druht kachen pievazuji.

Uspésné hnizdéni potapivych kachen na &eskych rybnicich pravdépodobné
nejvice znesnadnuji mnohonasobné piedimenzované obsadky kapra obecného
(Carpinus carpio, Linnaeus, 1758), v jehoz produkci Ceska republika v evropském
meéfitku drzi prim. Jeho az netimérné vysazované populacni hustoty pfispivaji
v kombinaci s vysokymi letnimi teplotami Vv poslednich letech K rapidnimu sniZeni
pruhlednosti vody a méni rybniky s relativné dobrou prihlednosti, dominanci
submerzni vegetace a vysokou diverzitou bentickych organismu (Snow & Perrins,
1998) vrybniky zanesené dnovym segmentem, S kyslikovym deficitem
a s dominanci fytoplanktonu (Adamek & Marsalek, 2013).

4.2 Vyrovnanost trofie a dostupnost potravy

Studované potapivé kachny — poldk chocholacka a poldk velky patifi mezi
bentofagni® druhy. Jejich potravni pozadavky, jak jiz bylo zmin&no, jsou v hnizdnim
obdobi orientovany pievazné na vodni bezobratlé organismy. Slozeni pfijimané
potravy potapivych kachen se v§ak méni v zavislosti na dynamice migra¢niho cyklu
— potrava se mirn¢ li§i na hnizdisti, zimovisti, nebo v dob& tahu Vv zavislosti

na charakteru pteletového habitatu (Webster et al., 2002).

Zv14asté environmentalni stochasticita? v Severskych statech nebo ve vyssich
pti brzké jarni migraci kachen na hnizdist¢ (Woodin & Swanson, 1989). Jako
potravni suplement pak mohou kachnam poslouzit drobna semena, oddenky a dalsi
¢asti mokiadnich rostlin bohaté na sacharidy, které slouzi jako substrat pro syntézu

tukt k doplnéni ubytku tukovych zasob po jarni migraci (Hoffman, 1983).

! bentofag — organismus Zivici se bentosem (druhy Zijicimi u dna)

2 environmentalni stochasticita — ndhodné zmény v prostiedi
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Jak jiz bylo nastinéno vyse, potapivé kachny zacaly v podminkach stiedni
Evropy ve vétsi mife hnizdit na rybnicich a rybni¢nich soustavach (Scott & Rose,
1996). Trofické postaveni vodnich ptakt v potravni pyramidé intenzivné
obhospodaiovaného rybnika je vSak srovnatelné s postavenim rybi obsadky
s nékolikanasobné vyssi populacni hustotou a kachndm, zvlasté pak jejich mlad’atlim,
se mnohdy nedati v dusledku vysoké potravni konkurence ryb nalézt dostatek
potravy. Nékteré studie konkrétné dokazuji vysokou kompetici a piekryv potravnich
nik® mezi potapivymi kachnami a rybami (Wagner & Hansson, 1998; Haas et al.,
2007).

Zmény v abundanci a disperzi bentickych bezobratlych se mohou odrazit
v produkci daného vodniho ekosystému ajeho fyzikalné-chemickych podminkach
(Carter et al., 2006; Scheffer et al., 2006), navic vyziraci tlak ryb negativné pisobi
také na rozvoj makrofyt, coz jeSté vice zhorSuje kvalitu hnizdniho habitatu pro
kachnovité (Lougheed et al., 1998; Broyer & Curtet, 2011). Tento negativni Vliv rybi
obsadky je mozné zmirnit nastavenim udrziteln¢jStho managementu rybnika.
Piikladem mohou byt studie z Francie (Broyer et al., 2016; Broyer & Bourguemestre,
2020) zabyvajici se vyvojem pocetnosti polaka velkého pii zméné obhospodatrovani
rybnika (niZ§i rybi obsadky, zména slozeni rybi obsadky). Pii niZSich rybich
obsadkach byla pocetnost part polaka velkého zpravidla vyssi, protoze se pro né
lokalita stala potravné atraktivnéjsi. Totéz se podatilo zjistit i na lokalité¢ Lolland
v Dansku (Fox et al., 2019), kde redukce obsadky fytofagnich* ryb (Abramis brama,
Rutilus rutilus) a vysazeni dravé Stiky (Esox lucius) vedla k pozorovanému zvyseni

pocetnosti polaki.

Z prostiedi Ceské republiky hodnoti Gregusova (2015) spoledenstva vodnich
bezobratlych jako hlavni ekologicky gradient jihomoravskych rybni¢nich
ekosystému, piicemz dodava, ze pocetnost vodnich ptdki rostla predevSim
s abundanci bentickych organismti. V roce 2020 probéhl na Nadéjské soustave
v CHKO Tiebotisko v tymu doc. Musila (Katedra ekologie, FZP CZU)

3 potravni nika — naroky organismu na potravu

4 fytofag — organismus Zivici se vyhradné rostlinnou potravou
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experimentalni vyzkum potravni nabidky pro kachnovité za pouziti tzv. ,,funnel
active invertebrate traps* (Elmberg et al., 1992; Nummi & Poysd, 1993; Hyvonen &
Nummi, 2000). Bylo analyzovano pies 72 tis. jedinci a zjisténo 28 taxonomickych
skupin vodnich bezobratlych. Mezi nejpocetnéjsi  skupiny patfily: perloocky
(Cladocera), buchanky (Cyclopoida), polokiidli (Hemiptera),
znakoplavkoviti (Notonectida), vodule (Hydracarina) a lasturnatky (Ostracoda).
Ze srovnani vysledkt se studii Hrbacka et al. (1961), vypovida vysoka abundance
perlooCek o nizké populaci ryb ataké snizené populaci planktonnich tas, coz
se projevilo vyssi pruhlednosti vody i v pokroc¢ilé hnizdni sezoné (Cervenec). Je vSak
nutno podotknout, ze experimentalni plochy zahrnovaly pouze rybniky v CHKO
Tiebotisko s riizné pestrou rybi obsadkou. V Jiznich Cechach mimo chranéna uzemi
vsak v poslednich patnacti letech dochazi spiSe k opacnému scénaii a pruhlednost
vody na rybnicich se vyrazné snizuje jiz v ¢ervnu (Musil, 2006, Musil et al., 2016,
Musil in litt.).

4.3 Klimatické podminky

Klimatologicka data dostupna z evropskych hnizdist’ a zimovist’ vyznamné poukazuji
nastup jara v nasich klimatickych podminkach maji vliv na na¢asovani jarni migrace
a ptaci prilétaji na sva hnizdisté o n€kolik dni dfive nez v minulosti (Véhitalo et al.,

2004; Jonzén et al., 2006).

Ve studiich kachnovitych ptakti hodnoti autofi pfevazné vlivy tradi¢nich
klimatologickych charakteristik, kterymi jsou teplota ovzdu$i a srazkovy uthrn
(Hammond & Johnson, 1984; Conroy et al., 1989; Moon et al., 2017). Pfi nizkych
zimnich teplotach se zvySuji metabolické naroky na makroziviny a energii potfebnou
pro termoregulaci (Ben-Ezra & Burness, 2017), coz muze u kachen vyvolat zmény
Vv télesné kondici. K vyraznéjsim vykyvim V télesné kondici miize dochazet také
v dobé hnizdéni pii nizkych teplotach ovzdusi, protoze samice musi pro uspésné
vyhnizdéni vynalozit mnohem vice energie do inkubace snisek a zahtivani mlad’at
(Newton, 1998). Srovnatelné negativné miize na télesnou kondici inkubujici samice

pusobit dlouhodobé zhorSeni pocasi charakterizované vétsim mnozstvi srazek


https://link.springer.com/article/10.1007/s00442-019-04481-2#ref-CR70

arychlosti vétru, které je potieba posuzovat s teplotou komplexné (Folliot et al.,
2017).

S piihlédnutim ke slozitym zivotni cyklim a migraci kachen a jejich
fenologie® Ize za mnohem lep$im indikator aktualni klimatické sitiuace povazovat
tzv. Index Severoatlantické oscilace — NAO index (poprvé popsan G. Walkerem
r. 1924). Jedna se o uceleny systém klimatickych jevi, které vysvétluji promény
pocasi na severni polokouli, charakterizované zménami tlaku vzduchu mezi Ponta
Delgada na Azorskych ostrovech a Stykkisholmuru na Islandu. (Troup, 1965; Hurrell
sttedni Evropou a Casto také nad mediteranem se dusledkem tohoto rozdilu tlaku

vytvaii studeny a vlihky vzduch (Hubalek, 2003).

V piirodé vnimame meziro¢ni rozdily v hodnotach zimniho NAO indexu jako
posuny Vv dataci tani led na vodnich plochach, nebo v dobé trvani snéhové pokryvky
(Oja & Poysd, 2007; Drever et al., 2012), které urcCuji nacasovani dostupnosti

a potravni vybavenosti hnizdnich ploch pro kachny pfilétajici ze zimovist',

Pro druhy studované v této praci prozatim nebyly publikovany studie, které
by dokazovaly signifikantni vliv NAO indexu na jejich télesnou kondici (Meller
etal., 2011). Studie Hubalka (2003) vsak popisuje, Zze ptaci migrujici na kratkou
vzdalenost, mezi které patii i potapivé kachny, se vraceli ze svych zimovist diive,
pokud byla hodnota NAO indexu pozitivni — coz znacilo mirnou zimu. DFivéEjsi ptilet
na hnizdisté se pak projevuje, jak popisuje kap. 5.1, jako strategie vyhodna pro
vylepSeni télesné kondice v ptedhnizdni dobé. Dalsi vysledky z Finska potvrzuji,
7¢z81 druht ptaka prilétalo témét 80 % znich dfive po mirnych zimach
s pozitivnim NAO indexem (Hiippop & Hiippop, 2003). U druht studovanych v této
potvrdit u poldka chochola¢ky, u kterého Zalakevidius et al. (2009) na lokalitach
v Litvé prokazal v letech 1966-2000 posun data pfiletu na hnizdist¢ o 0,75 dne

za rok.

5 fenologie - dlouhodoby priib&h Zivotnich projevii
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Globalni oteplovani tedy mize mit pozitivni vliv na dlouhodoby vyvoj
télesné kondice kachen, vzhledem k tomu, ze se potrava stava dostupnéjsi i v obdobi
zimy a migrace, ¢imz se snizuji Zivinové naroky na udrzeni dobré piedhnizdni
télesné kondice a termoregulaci. V neposledni fadé je vhodné zminit, Ze ptaci reaguji
na meénici se klima posunem zimovist' vice na severo-vychod a obecné dochazi ke
zkracovani vzdalenosti mezi jejich hnizdistém a zimovistém (Ward et al., 2009;

Lehikoinen et al., 2013; Podhrazsky et al., 2017).

7 w

4.41Individualita samice — hnizdni zkuSenost a hnizdni uspésnost

vV minulych letech

Individualita hnizdicich kachen je podstatny a pomérmné¢ fidce zohlediovany faktor
ovlivitujici reprodukci. Prvni dulezitou charakteristikou, ktera vytvafi v hnizdni
populaci individualni odlis$nosti je vékova struktura. U potapivych kachen je vsak
velmi obtizné urcit ptfesny veék hnizdicich samic. Pokud ptaci piepeii z Satu
juvenilniho® do adultniho’, fenotypové se jiz piilis neméni, piestoze samice juvenilni
a adultni jesté vykazuji minimalni vizualni odli$nosti, napf. ve zbarveni a zak¥iveni
koncovych c¢asti rucnich a loketnich letek a ve zbarveni kryciho pefi na trupu
(viz ptilohu ¢.4). Hruby odhad v&ku se u samic potapivych kachen vétsinou zjistuje
nejpresnéji z krouzkovacich dat u stielenych exemplaiti (Blums et al., 1996;
Guillemain et al., 2010). Pro pfesngjsi odhady véku je vhodnéjsi pouziti
sofistikovangjsich molekularnich metod a zkoumani napt. zkracovani telomer®
chromozomti (Juola et al., 2006; Vedder et al., 2021) nebo méfeni hodnoty
pentosidinu® z odbért kozni tkané (Chaney et al., 2003; Dorr et al., 2017).

Pokud vSak samice pieziji zimu a ispéSné se na hnizdisté vraci opakovang, je

mozné misto véku na zédklad€é dlouhodobého monitoringu hnizdni populace a znaceni

® juvenilni — nedospély, zcela nevyvinuty jedinec
7 adultni — pohlavné dospé&ly jedinec
8 telomery — koncové ¢asti chromozomii

% pentosidin — kone¢ny produkt glykosylace; jeden z marker® starnuti
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jedinct pracovat s jejich individualni zkuSenosti s hnizdénim (Musil in litt.). Tyto
udaje pak umoznuji vyvodit souvislosti s télesnou kondici také na zakladé hnizdni
uspésnosti v minulosti. Zkusenost samic s hnizdénim v pfedchozich sezénach totiz
pifinasi prukazny benefit pro jejich uspé$nost v nasledujicich letech (Blums et al.,
1997a). Navic prokazana hnizdni fidelital® (Dow & Fredga, 1983; Musil et al., 2016)
doklada, Ze samice uspéSné¢ vodici mlad’ata se vraci na své pivodni hnizdisté

po nékolik sezon.

Mechanismus tohoto tspéchu spociva v tom, Ze zkusenéjsi samice piilétaji na
hnizdist¢ diive, dfive zahnizdi (Gauthier, 1989) a mivaji vétsi snusky (Birkhead
et al., 1983; Devries et al., 2008). Casny ptilet tedy umoziiuje zkugen&jsim samicim,
které jiz v hnizdni lokalit¢ v pfedchozich sezonach zahnizdily, a dobfe se orientuji,
¢asovou vyhodu oproti nezkuSenym samicim (Hohman, 1986). Lepsi télesna kondice
se dodate¢né projevi u zkusengjSich samic diky delSim, tzv. pre-breeding periodam —
doba od pfiletu na hnizdist¢ do sneseni prvniho vejce. ZkuSené&jsi samice tedy
setrvavaji na lokalité¢ o nékolik dni déle v ramci pre-breeding period, béhem kterych
ziskavaji potravu a kondi¢né se ptipravuji na hnizdéni. Je tedy zfejmé, ze si mohou
vytvofit lep$i nutri¢ni zasoby pro inkubaci snisky (Alisauskas & Ankney 1992), nez
nezkuSené samice. U zkuSengjSich samic, které jiz pfileti na hnizdisté¢ v lepsi
télesné kondici, nez nezkusené tedy pravdépodobné dochézi i k vys§imu dennimu
ptiristku hmotnosti v obdobi pfed zahnizdénim, ¢imZ se nascitd jejich celkova
kondice na jes$té¢ vysSi hodnotu metodicky zjistovanou po odchytu na hnizdé
(Rowe et al., 1994).

10 hnizdni fidelita — vérnost k hnizdisti
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S5 Vliv individualni télesné kondice na reprodukc¢ni

parametry potapivych kachen

Individualni télesna kondice se v ekologii pouziva K popisu fyziologického stavu
jedince (English et al., 2018). Kjejimu stanoveni se u kachnovitych vyuzivaji
a v minulosti vyuzivaly jak invazivni metody — nejcastéji jatecni analyzy (Reinecke
et al., 1982; Klimas et al., 2020), které jsou sice piesné, ale z etického hlediska
nevhodné; tak neinvazivni metody — napft. fat scoring (McCabe, 1943; Labocha
& Hayes, 2012), kdy je méfena mira podkozniho tuku na zakladé Skalované stupnice,
nebo profiling, pti které je porovnavana télesna konstituce jedince s referenénim

jedincem podle jeho celkového télesného profilu (Bowler, 1994).

Pokrok ve stanoveni télesné kondice se projevil v rozsifeném pouzivani
matematicky vypocitanych kondi¢nich indext, které autofi zhruba od zacatku
milénia implementuji do metodik svych vyzkumnych praci. Tyto kondi¢ni indexy
zahrnuji pfevazné kombinace linearnich télesnych rozmérti a hmotnosti zjistované
u odchycenych jedinct (Lens et al. 1999; Peig & Green 2009).

Dokazat spravné popsat a spocitat télesnou kondici u potapivych kachen
muze byt vyhodné k posouzeni aktudlniho stavu kondice celé lokalné hnizdici
populace, coz muze byt zaroven navodnym parametrem k vyhodnoceni vyvoje stavu
habitatu (Drever et al., 2012) a potravni nabidky (Haas et al., 2007; Fox et al., 2016)
v oblastech, kde ptaci opakované hnizdi, vodi mlad’ata, pelichaji a zimuji.

Zjisténi vlivu faktorti prostfedi na kondici hnizdicich samic se mize projevit
I sekundarng, a sice zménami na Grovni snisky a zivotaschopnosti nové vylihnutych
mlad’at. Tyto projevy je mozné v zavislosti na variabilité¢ v reprodukci v pribéhu
hnizdnich sezon rozdélit do nékolika dulezitych reprodukénich parametrd, blize
komentovanych v této kapitole. Na zakladé literarni reSerSe hnizdni biologie kachen

a zkuSenosti z terénu byly vybrany tyto hnizdni parametry:
1. Nacasovani hnizdéni
2. Velikost snusky
3. Pramérna velikost vejce ve sniiSce
4. UspéSnost pirefivini mlad’at
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5.1 Nacasovani hnizdéni

Nacasovani hnizdéni je druhové specifické a mize byt do urc¢ité miry vnitrodruhové
synchronizované (Peters et al., 2003; Hofer et al., 2009). Mezidruhové rozdily
V nac¢asovani hnizdéni mohou byt zplsobeny vlastnimi mechanismy druhu,
dlouhodobymi zménami pocasi, ptipadné vzdalenosti mezi hnizdistém a zimovistém

(Both et al. 2010).

Potapivé kachny se snazi nacasovat hnizdéni do obdobi nejlepsi potravni
dostupnosti (Danell & Sjoberg, 1977; Both et al., 2005; Reséndiz-Infante &
Gauthier, 2020). Spravné naCasovani migrace a brzky pfilet na hnizdisté jsou
dalezitymi parametry pro vytvoieni dostatecné energetické zasoby pred zahnizdénim
(Klaassen et al., 2006). Pokud jsou samice v dobré télesné kondici, vétsSinou hnizdi
drive, protoze jiz ptijaly dostatek zivin, hlavné tuki, potfebnych pro inkubaci snisky,
kdy omezuji Cas straveny ziskavanim potravy na minimum. Nedostate¢na kondice
pak mtize vést k pozd&jsimu zahnizdéni (Ost et al., 2011), kdy je vSak jiZ na lokalit&
vysoka hnizdni hustota a samice konkurujici o prostor mohou mit nizsi relativni

uspésnost reprodukce (Poysa & Poysd, 2002).

Existuji v8ak i strategie, kdy samice zamérné zahnizdéni odkladaji (Afton,
1980). Tento odklad muze byt zindividualniho hlediska velmi vyhodny. Pokud
samice zdrzi iniciaci hnizd do obdobi lepSi potravni dostupnosti, vylepsi
si na hnizdisti svou télesnou kondici a nasledné mohou mit lepsi piedpoklady
pro vét§i sniisky (Drent & Daan, 1980). Uskalim tohoto odkladu je vsak pravé
zminéna vysok4 hnizdni hustota v pozdni sezoné. Obsazenost hnizdnich ploch
konkuren¢né schopnéjSimi samicemi vytvaii selekéni tlak na ostatni samice, které
si jesté nestacily vylepsit télesnou kondici, aby mohly iniciovat své snusky. Pozdné
hnizdici druhy (typicky poldk chocholacka) jsou v poslednich letech navic
vystavovany extrémnim Klimatickym podminkam vrcholu 1éta. Pfi vysokych letnich
teplotach a prilis velkém suchu jsou snisky na exponovanych stanovistich pod
teplotnim stresem a je vysoce pravdépodobné, ze samice nedokonéi inkubaci
a snusku opusti (Salzman, 1982; Walsberg, 1985).
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Nicméng, rozhodnuti samic o dobé zahnizdéni je velmi individualnim

fll

vysledkem trade-off** mezi odkladem hnizdéni do pozd¢jsi faze sezony za ucelem

vV horsi télesné kondici, ale se ziskem mensiho poc¢tu mladat, ale zato 1épe

ptezivajicich (Drent & Daan 1980).

Teorie o tomto fenoménu nacasovani hnizdéni byla popsana Rowem
etal. (1994) jako cost-of-delay hypothesis (viz Graf 1). Tu¢né kiivky v grafu
vyznacuji na¢asovani hnizdéni vzhledem k télesné kondici a velikosti snusky (resp.
praseciky s vertikalni osou), prerusované cary pak znaci relativni ptirGst kondice,
ktery samice mohou ziskat z odkladu hnizdéni. Vys$$i relativni prirdasty télesné
kondice v populaci pfi odkladu hnizdéni pak mohou ovliviiovat snisky (1) pozitivné
— snusky budou vétsi, ale zaroven (2) negativné — bude dochéazet ke strméj$imu

sezonnimu poklesu velikosti sntisek v populaci (Warren et al., 2013).

Ao

télesna kondice
A[Snus JSOYI[oA

nacasovani hnizdéni

Graf 1: Cost-of-delay hypothesis (Warren et al., 2013)

1 trade off — kompromis; ob& ze dvou moZnosti volby mohou mit pozitivni i negativni diisledek
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5.2 Velikost sntsky

Velikost snusky je parametr zahrnujici celkovy pocet vajec ve snasce. Primérna
sniSka polaka velkého podle dostupné literatury tvoii 5-11 vajec, polaka
chocholacky 6-12 vajec (Felix, 1986; Kear, 2005). V piirodé se ale u téchto druht
setkavame se snuiskami, které mohou byt az dvakrat vétsi, nez jsou uvadéné pruméry

(Musil et al., 2017).

Pocet vajec ve snusce potapivych kachen mize byt totiz navySen hnizdnim
parazitismem. Ten je v pfipad¢ kolonialné hnizdicich kachen jednou z alternativnich
reprodukénich strategii a byl potvrzen u obou ze studovanych druhii polakt (Newton
& Campbell, 1975; Cramp & Perrins, 1977; Neuzilova, 2015). Parazitujici samice
timto reproduk¢énim chovanim snizuji investici do inkubace vlastni snusky a péce o
mlad’ata a tim Setii vlastni energii (Owen & Black, 1990). Z nize specifikovanych
divodu je nutné pii studiu souvislosti télesné kondice a velikosti snusky rozliSovat

vlastni a paraziticky snasend vejce.

5.2.1 Vlastni vejce

Samice potapivych kachen se snazi zakladat snisky v dobé vysoké potravni nabidky,
aby sladily datum lihnuti s vrcholem pocetnosti vodnich organismd, tvoficich
potravu jejich mladat - napf. larvy pakomari (Chironomidae), chrostikd
(Trichoptera), drobni vodni plzi (Gastoropoda) a mlzi (Bivalvia)
(Devries et al., 2008).

Je velmi obtizné vyjadfit pfesné Zivinové naroky na formaci snusky kachen,
tedy az na nekteré vyjimky. Napiiklad kajka motska (Somateria mollissima) béhem
inkubace snisky zcela hladovi a travi vétSinu Casu na hnizd€. Tato extrémni
inkubacni strategie vznikla pravdépodobné jako adaptace na vysokou predaci snisek
(Milne, 1976). Télesna kondice ve form¢ Zivin alokovanych do snusky je tedy
u téchto druhti pomérné presné méfitelna (Parker & Holm, 1990). Vétsina potapivych
kachen vsak své sntisky v pribéhu inkubace v urcitych ¢asovych intervalech opousti
a krmi se. Jejich inkubac¢ni chovédni proto neumoziuje odlisit, jak velky podil

ze samicCich ulozenych nutriénich rezerv je vyuzito do snaseni vajec ana druhou
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stranu, kolik je jich vyuZzito k vlastnim pozadavkim samice na udrZeni télesné

kondice (Hobson et al., 2004).

Studie zabyvajici se vlivem télesné kondice na velikost snasky
u kachnovitych popisuji jako limitni makronutrienty pro velikost sniisky ulozené
lipidy (vice kap. 5.3). Katabolismus endogennich lipidi ptedstavoval v prepoctu
30% energetickych pozadavkil na tvorbu snisky v semnacti studiich u ¢trnécti druhti

vodnich ptaka (Afton & Paulus, in litt).

Casné hnizdici samice potapivych kachen viak mivaji obecné vétsi sntisky
(Klomp, 1970; Warren et al. 2013), a bylo zjisténo, ze velikost snisek kontinualné
klesa s postupujici hnizdni sezonou (Afton, 1984; Esler et al., 2001; Brook 2002),
podobné se také snizuje kondice odchycenych inkubujicich samic, coz podporuje
zavislost, ze lepsi télesna kondice samic je pifedpokladem pro vétsi a Casnéjsi snisky

(Rowe et al., 1994).

5.2.2 Paraziticka vejce

Samice studovanych druhl vyuZzivaji benefiti hnizdéni v racéich koloniich (viz
ptilohu ¢. 2). Tyto kolonie, piestoze plni dulezitou funkci tzv. antipredac¢niho
destniku®?, jsou zatizeny vysokou hnizdni hustotou, a tudiz i konkurenci o prostor.
Tato skute¢nost nejspi§ v minulosti vedla k evoluénim zménam v hnizdni biologii
kachen a k vytvoreni alternativni reprodukéni strategie — tzv. hnizdniho parazitismu,
proslaveného kukackou obecnou (Cuculus canorus), ale popsaného také u vysokého
podilu druhti s prekocidlnimi®® mladaty (Krakauer & Kimball, 2009; Poysi
etal., 2014). Paraziticka vejce ve snisSce potapivych kachen jsou takova, ktera
do hnizda snese jina samice nez ta, ktera hnizdo zaklada. Podle morfologie vejce je
mozné jednoduse rozliSit parazitismus mezidruhovy (heterospecificky), jehoz
determinace je snadna z divodu vyznamné odliSnosti v barvé, tvaru a pigmentaci

(Moller, 1987; MacWhirter, 1989).

12 antipreda¢ni destnik — ochrana pied vzdusnymi predatory vysokou populaéni hustotou jiného druhu

13 prekocialni mladé — mladé prichazejici na svét pln& vyvinuté nezdvislé na rodicovské péci;

synonymem u ptakd je mladé nidifugni (nekrmivé)
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Avsak v ptipadé, ze se jedna o vnitrodruhovy (konspecificky) parazitismus
a vejce snesena vice samicemi vypadaji na prvni pohled identicky, je jeho odhaleni
zjisténa Vv kratSim nez jednodennim intervalu po zahajeni snaseni, pied dostavénim
hnizda nebo po zjisténém ukonceni snaseni a zac¢atku inkubace (Blums et al., 1996).
Pokud neni metodologicky mozné sledovat pribéh inkubace zajmovych druhi, je
nutné pristoupit k molekularnim metodam. Pro detekci vnitrodruhového hnizdniho
parazitismu se vyuziva napi. metoda proteinového fingerprintu (Andersson &
Ahlund, 2001).

Piiklad  vnitrodruhového  hnizdniho  parazitismu zjisStovaného metodou
proteinového fingerprintu byl v ramei studovanych druhii v Ceské republice potvrzen
ve vysoké mife u polaka velkého. Ve studii Stovicka (2013) bylo 89 % z celkového
poctu hnizd parazitovano jinou samici téhoz druhu a ve studii Petrzelkové a kol.

(2013) dokonce 93 % hnizd.

Samice, které jsou ve vynikajici kondici, mohou kladeni ¢asti vajec do cizich
hnizd vyuzivat ke zvyseni fitness (Sorenson, 1991) nebo v piipadé geneticky blizce
ptibuznych jedinci mohou zvySovat inkluzivni fitness (Hamilton, 1964). Pticin, pro¢
se kachny rozhoduji Kk parazitickému snaSeni, mize byt podle dostupné literatury

nekolik:
e zvyseni fekundity!* (Kendra et al., 1988) a fitness™® (Sorenson, 1991)

e ztrata vlastni snusky v disledku predace nebo piirodni destrukce (McRae,
1997a)

e vyborna kondice a vyhodné na¢asovani vlastni sniisky (Yom-Tov, 1980)

e nizky ve€k a nizkd reprodukéni kvalita jedince (Sorenson, 1993;
Semel & Sherman, 2001)

e vysoka hnizdni hustota a nizka konkurenceschopnost pro iniciaci vlastni

snisky (Eadie & Fryxell, 1992; Davies, 2000)

14 fekundita — plodnost

15 fitness — biologicka zdatnost; schopnost jedince predavat geny do dalsi generace
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Je tedy na misté predpokladat, ze paraziticka vejce mohou ovliviiovat, ptipadné
uméle navySovat nejen celkovou velikost snisky, ale i primérnou velikost vejce ve

snisce (viz kap. 5.3).

5.3 Priumérna velikost vejce ve sniiSce

U vodnich ptakid, vcetné potapivych kachen, pozorujeme zna¢nou rozmanitost
a variabilitu t€lesnych forem, ktera se odrazi také ve velikosti jejich vajec a celkové
velikosti snisky. Télesné mensi druhy kachen naptiklad kladou mén¢ vajec nez vétsi
druhy, coz je mozné pozorovat i u rodu polaka (Aythya) (Veselovsky, 2001; Kear,
2005).

Po dostavéni hnizda zahajuji samice prekocialnich potapivych kachen
snaseni. Kachny snési obvykle jedno vejce za den a zahajuji inkubaci sntisky po nebo
kratce pred snesenim posledniho vejce. Doba snaseni se tedy odviji od velikosti
snusky. Vzhledem k synchronizovanému lihnuti u prekocialnich druhd je mozné
pfedpokladat, ze mladd’ata vylihnutd z vajec snesenych pozdéji maji inkubacéni
nevyhodu oproti mlad’atim, kterd se lihnou z vajec sndSenych v potadi dfive
(Williams et al., 1993). Variabilita velikosti vajec miiZze byt vnimana také jako
adaptace na potravni podminky dané sezdny. Pti nizsi potravni dostupnosti se samice
mohou touto adaptaci snaZit redukovat velikost snisky scilem vylihnuti
zivotaschopnéjSich mlad’at, ktera budou lépe Celit prezivani pii snizené potravni

nabidce (Friedl, 1993).

Rozméry jednotlivych vajec ve snliSce jsou rizné variabilni, vzdy jsou mezi
nimi méfitelné uréité odchylky, které mohou vice ¢i méné napovidat o télesné
kondici samice a jejich aktualnich nutri¢nich rezervach (Bennett & Owens, 2002;
Johnson et al., 2013). Lack (1967) formuloval pravidlo vysvétlujici, ze velikost

snusky je limitovana dostupnymi zdroji Zivin v hnizdni oblasti.

Zahy na to dodal ve své dalsi studii, Ze abundance potravy vrcholi v dobé
snaseni a samice, které inkubuji mensi vejce mohou zastupovat v populaci delsi
inkuba¢ni periody (Lack, 1968a). Tuto zavislost poté vysvétlil niz§i Zivinovou
naro¢nosti na sneseni vV priméru menSich vajec, ktera umoziuje samicim efektivné

hospodatit s endogenni ztratou zivin po delsi dobu (viz Graf 2).
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Graf 2: Variabilita velikosti vajec v priubéhu hnizdni sezony (Rohwer, 1988)

Zavislost mezi té€lesnou kondici samice aprimérnou velikosti vejce ve sniSce
je druhové specifickd, a navic ovlivnéna mnoha faktory prostiedi (Hanssen et al.,
2002; Pelayo & Clark, 2002). Autofi studujici parametry sntsek se vSak pomérné
jednozna¢né shoduji, ze mezi esencialni zdroje, které jsou u ptaku, ale i dalsich
vejcorodych obratlovcl limitni pro tvorbu vajec patii lipidy a proteiny (Drobney &
Fredrickson, 1985; Arnold & Rohwer, 1991). Na zakladé¢ tohoto zjisténi byly
ve starSich studiich formulovany hypotézy; protein-limitation hypothesis (déle jen
PLH) (Drobney & Fredrickson, 1985) a lipid-limitation hypothesis (dale jen LLH)
(Ankney & Afton, 1991).

Podle LLH hypotézy, ktera dle autort plati pro vétSinu druhli kachen
hnizdicich v temperatni zoné jsou tukové zasoby pro tvorbu snlisky omezeny
schopnosti samice tuk uklddat. PLH hypotéza byla vytvofena primarné¢ pro
kachni¢ku karolinskou (Aix sponsa) ze Severni Ameriky, ktera ale podobné jako
studované druhy polakd snasi obvykle jedno vejce za den. Kachnic¢ka karolinska

produkuje relativné velké snusky s velkou pramérnou velikosti vejce. Pro tvorbu
6

vajec Vtakto kratkém intervalu snaSeni vyuzivaji samice jak endogennil
tak exogennil’ zdroje lipidt. B&hem syntézy vajec dopliuji samice lipidy pirevazné

z rostlinné slozky potravy. SnéSeni je pravdépodobné ukonceno, pravé tehdy, kdyz

16 endogenni zdroje Zivin — dlouhodobé ulozené

17 exogenni zdroje Zivin — bezprostfedné piijimané z potravy

21



jsou vyCerpany endogenni zasoby lipidi. Primérna velikost vajec ve snisce potom
mize pifimo odrazet lipidové zasoby zjisténé z hmotnosti individualni samice,
vzhledem k tomu, Ze bylo prokazano, ze obsah télesného tuku u ptaka silné koreluje

s celkovou télesnou hmotnosti (Blem, 1976; Jacobs et al., 2012).

vvvvvv

proteinit piijimanych z konzumace bezobratlych organismi a vodnich larev pro
tvorbu ovarialnich folikula'® (Korschgen, 1977; Thompson, 1996; Hobson et
al., 2005) kriticky hodnoti, ze je PLH hypotéza v ptirod¢ omezena pouze na studie
carnivodnich druhti a pfevazné chybi studie pro herbivorni druhy, pro které by
se podobné zavislosti daly zkoumat spise za predpokladu aplikace suplementacnich

krmiv v experimentalnich podminkach (Ankney et al., 1991).

Dawson & Clark (1996) studovali variabilitu velikosti vajec u poldka
vlnovaného (Aythya affinis), severoamerického druhu blizce piibuzného polakovi
chocholaéce. Jejich studie potvrdila predpoklad, ze z vétSich vajec se lihly vétsi
mlad’ata s lepSi zivinovou vybavenosti. T¢lesna kondice inkubujici samice se tedy
odrazi nejen ve velikosti vajec, ale ma také vliv na velikost a pravdépodobné

I prezivani mlad’at (Nager et al., 2000; Lessells et al., 2002; Pelayo & Clark, 2002).

5.4 Usp&nost piezivani mlad’at

PieZivani mlad’at je naprosto klicovym faktorem pro vyvoj hnizdnich populaci
potapivych kachen (Schmidt et al., 2006), jejichz mlad’ata se lihnou ze snisky
synchronizovang, jsou zcela vyvinuta a schopna okamzité lokomoce. Proces lihnuti
a opusténi hnizda tudiz hned od prvnich okamzikd kachniho Zivota provazi nejistota
preziti pfi vystaveni nepfizni zivotniho prostiedi v podobé ptitomnych predatorti

a omezenych potravnich zdroja (Leonard et al., 1996; Kauhala, 2004).

18 gvarialni folikul — vajeény vacek
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Na rozdil od mladat altricialnich!® se kachnata krmi sama a dospélé samice
Vjejich vyvoji od vylihnuti do vzletnosti plni pievazné funkci ochrany pted
predatory a pruvodci po potravné bohatych stanovistich (Boyd, 1953;
Black & Owen, 1989; Sedinger & Raveling, 1990; Bustnes & Erikstad, 1991).

Hnizdici kachny, zvlasté ty zkuSené, se na hnizdisti dobfe orientuji a sva
mlad’ata vodi na mista s nejlepsi potravni dostupnosti. V tomto ohledu je pro nové
kachni rodinky dulezité, jak vypada bezprostfedni okoli hnizdisté. Naptiklad bylo
zjisténo, ze prezivani mlad’at se zvySuje v prostiedi, které je méné¢ fragmentovano
antropogennimi vlivy a mirou antropogennich disturbanci (napf. urbanistickou
zastavbou a zeméd&lskou c&innosti) (Korschgen & Dahlgren, 1992). Vysledky
nckolika studiji miry a Cetnosti pfesunti kachnich rodinek dokazuji negativni korelaci
mezi délkou piesunu a prezivanim mlad’at (Mauser et al., 1994; Bloom et al., 2012)

z diivodu vyssiho vystaveni predaci a vyhladovéni.

Samice, které jsou zkuSenéjsi, maji pfedpoklady pro vyssi nutriéni zasoby
a inkubaci vétsich vajec, ze kterych se lihnou vétsi mlad’ata schopnéjsi 1épe prezivat
(Lepacge et al., 2000; Blums et al., 2002). Zaroven tyto samice hnizdi diive a doba
lihnuti jejich sntsek je proto vice korelovana s lepsi potravni nabidkou, kdy neni
na rodinky vyvijen tlak nutnosti pfesunti vV heterogennim prostredi, které jsou castou
pfi¢inou pied¢asné mortality mlad’at (Verboven & Visser, 1998; Blums et al., 2002).

Nejidealnéjsi scénaf prezivani mlad’at je velmi pravdépodobné fuzi vétSiny
vV této praci jiz zminénych piimych a nepiimych zévislosti mezi podminkami
prostiedi a individualitou hnizdici samice. Na prvnim misté vSak vzdy Stoji dobra
dostupnost potravy na hnizdisti. Pokud je samice v dobré télesné kondici, vodi
a ochrariuje mlad’ata az do doby, kdy dorostou téméf do velikosti dospé€lce. Pokud by
vSak samice kondicné stradala, mohla by mladata opustit dfive, coz
by pravdépodobné snizilo Sance na jejich pieziti (Sedinger & Raveling, 1986;
Paasivaara & Pdysé, 2007).

19 altricialni mladé — mladé prichazejici na svét plné zavislé na rodiovské pé€i; synonymem u ptakd

je mladé nidikolni (krmivé)
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Abstract

Body condition is an important variable affecting survival and consequent fitness of
individual birds. The long-term changes in body condition could be affected by
climatic and environmental changes and they can result in changes in population
dynamic of the species. The recent studies did not confirmed evidence that decreased
survival is the cause of the population decline reported in Common Pochards (Aythya
ferina). In this term, we analysed the long-term pattern in body condition of breeding
females of Common Pochard and sympatric Tufted Duck (Aythya fuligula). We use
two measurements of body condition based on residual from relationship of body

mass and on two different linear skeletal dimensions (i.e. wing length or the tarsus
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length, and including incubation stage as additional predictor) in aim to explain the
factors affecting body condition and consequently assess the effect of body condition
on breeding performance. We analysed the data from 166 females of Common
Pochard and 293 females of Tufted Duck breeding on fishponds in South Bohemia,
Czech Republic between 2004 and 2020. The long-term increase in body condition
was confirmed of Common Pochard and particularly also in Tufted Duck. There
were no significant effects of weather conditions in previous winter (NAO Index),
water transparency, coloniality gradient and reproductive investment on body
condition. The body condition of females of both species affected mean egg mass
and hatching probability in both species. Females in better condition laid larger eggs
with higher hatching success. Our results did not provide evidence for decreasing
hatching success in studied species, which can be affected by loss in body condition
of breeding females. The above mentioned population changes (esp. decreasing
population size in Common Pochard) is likely related to changes in duckling
survival, closely connected to limited food availability. This relationship seems to be

important issue in further study and analysis.

Key words

body condition index, diving ducks, climate change, breeding performance

Introduction

Study of drivers shaping female body condition and subsequent long-term
relationships of body condition to reproductive success is essential for understanding
the population dynamics of the species and/or species ability to face changing

environment (Blums et al., 2005; Guillemain et al., 2010; English et al., 2018). This
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knowledge is highly relevant in declining species in aim to evaluate causes and
consequences of the decline and to design subsequent conservation measures.

Body condition is considered combinations of factors describing the health
and physiological properties of an individual (Schluter & Gustafsson, 1993; Klimas
et al., 2020). Food supply (Delnicki & Reinecke, 1986; Anteau & Afton, 2008),
parasitic and infectious diseases (Arsnoe, 2011), reproduction, predation pressure,
inter and intraspecific competition, disturbance and/or weather are considered the
most important factors shaping the body condition (Birkhead et al., 1983; Devries et
al., 2008). Through their effects on body condition, food condition at one part of the
year can affect the performance of the birds at a later time, i.e., conditions in the
period of wintering can influence subsequent breeding success and summer
conditions can influence subsequent survival. These carry-over effects can be
described on the level of the individual as well as the entire population (Devries et al.
2008; Guillemain et al., 2008; Newton, 2013; Podhrazsky et al., 2017).

The climate warming considerably change the availability of wetlands
suitable for wintering waterbirds by shifting the zero-degree isotherm, i.e. average
acrial temperature of 0°C in January (Maclean et al., 2008; Thomas et al., 2012,
Pavon-Jordan et al., 2015; Musilova et al., 2018; Pavon-Jordan et al., 2019). Some
species are fastly responding to this phenomenon by altering their behaviour (Sauter
et al., 2010; Gunnarsson et al., 2012; Adam et al., 2015) and reducing the high
mortality risk and energetic cost of a long migration (Newton, 2007) in their effort to
winter away from the January zero-degree isotherm to reduce energy expenditure for
thermoregulation at the wintering areas (Ridgill & Fox, 1990; Dalby et al., 2013).
As a consequence of these changes, the long-term increase in waterbird body

condition is largely expected. Besides, long-term climate warming (Hurrel & Deser,
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2010) affect arrival from wintering grounds (Hiippop & Hiippop, 2003; Podhrazsky
et al., 2017), laying dates, and most current research prove an extended length of
breeding seasons (Lv et al., 2020; Halupka et al., 2021). Earlier arrival then provides
energy benefits for birds to acquire higher amount of nutrients for clutch formation
(Drent & Daan, 1980; Béty et al., 2003). Nevertheless, besides climate - driven
changes intensive fishpond management in Europe lead to changes in food web
structure in ponds considered an important breeding habitat for diving ducks, which
affected female body condition and consequently final reproductive output (Eriksson,
1979; Giles, 1994; Musil, 2006; Haas, et al. 2007; Fox et al., 2016; Broyer &
Bourguemestre, 2020).

Body condition means a qualitative assessment of the bird that has direct
effect on its fitness. Poor body condition of breeding duck females may prolong
timing of breeding (Ost et al., 2011), impaired food availability for ducklings
(Anderson, 1981) and shorten female care period of rearing ducklings (Sedinger &
Raveling, 1986; Paasivaara & Poysd, 2007) due to lack of nutrients (such as lipids
and proteins) allocated to reproduction (Drobney & Fredrickson, 1985; Ankney &
Afton, 1988; Descamps, et al. 2011). Among waterfowl, strong correlation between
body condition, the timing of reproduction and clutch size indicate that females in
inadequate body condition are uncapable to breed early enough (Devries et al., 2008)
to successfully hatch ducklings in time of peaked food resource (Both et al., 2005;
Reséndiz-Infante et al., 2020) important for their early development and later
survival. In this context, ducks represent a relevant group for studying alteration in
body condition due to large body size, easy observation and marking possibilities in
compare to other birds such as passerine species. Although, the comparative studies

on diving ducks body condition and reproductive success remain scarce in Paleartic
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in comparison to Nearctic. Mentionaly, in globally declining duck species (such as
Common Pochard) only little is known about body condition phenomenon
throughout breeding areas in Europe (Blums et al., 2005; Fox & King, 2011; Fox et
al., 2016).

The aim of this paper is to evaluate the pattern in female body condition of
two diving duck species Common Pochard Aythya ferina and Tufted Duck Aythya
fuligula and the long-term effect of female body condition on breeding performance
(laying date, egg mass, hatching success and clutch size). These sympatric diving
duck species are precocial benthofagous while feed primarily on invertebrates during
the breeding season (Snow & Perrins, 1998; Kear, 2005; Stastny & Hudec, 2016),
inhabit the same breeding habitat but differ in body size, timing of breeding, egg and
clutch size (Kear, 2005).

Here, we evaluated two body condition indices — body mass index (wing) and
body condition index (tarsus), defined an environmental and individual body
condition drivers (NAO index of the previous winter, water transparency indicating
food supply, coloniality gradient indicating competition and reproductive investment
indicating female effort to lay eggs and incubate clutch) and tested potential
influence on body condition of breeding females prior to and upon of nesting in aim
to distinguish the effect of the non-breeding conditions and the breeding
performance.

Based on current knowledge about changing environment and drivers of
female body condition in birds we suggested following predictions and hypotheses:
(1) We expect long-term increase of female body condition due to long-term climate
warming (Hurrel & Deser, 2010) and lower energetic costs of wintering in recent

decades (Sauter et al., 2010; Gunnarsson et al., 2012; Adam et al., 2015). In terms of
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favorable wintering conditions, we expect higher body condition after milder winters
(expressed by the NAO index). In addition, increasing winter values of NAO index
in recent years lead to shifts inspring phenology and therefore enhanced food
availability on breeding grounds could significantly influence body condition of
studied species. Therefore (2) we suggest that mean water transparency of breeding
area in breeding season before female catching (mean values May and June) is an
appropriate predictor of a food availability (Hanson & Butler, 1994; Sendek &
Aynalem, 2020) and would manifest in improved body condition of nesting females.
(3) The pattern in distribution of most analyzed nests ranged from single nest on
individual island up to large aggregations often within Black-headed Gull
Chroicocephalus ridibundus colonies. We hence predict an effect of body condition
when more competitive females tend to breed in aggregation where risk of female
and clutch predation is on average lower. (4) Given the high cost of the reproduction
(Owen & Black, 1990), we expect lower body condition after higher reproductive
investment (expressed by loss of body condition as nutritional investment in clutch
formation and egg incubation).

Female body condition is considered an important fitness-related trait affecting
reproduction end/or breeding performance in many bird species (Béty et al., 2003;
Matthew et al., 2018) while females with higher values of body condition tend to
breed earlier in the season (Blums et al., 2005; Devries et al., 2008). We therefore
expect that (5) timing of nesting (expressed in laying date) would be influenced with
female body condition. According to widely studied but often failed to revealed
trade-off between clutch size and egg mass within several waterfowl species
(Rohwer, 1988; Blums et al., 2005; Hotak et al., 2007; Devries et al., 2008) we

would test an influence of body condition on clutch parameters, took into account
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intraspecific variability. We predict that (6) higher values of body condition would
manifest in laying larger eggs (expressed with mean egg mass) and/or in (7) laying
larger clutches (expressed with total clutch size/non-parasitised clutch size). Our
suggestion corresponds to allocation of stored body nutrition limiting clutch
formation (Bengtson, 1971; Pehrsson 1991; Eichholz & Sedinger, 1999). Females
indicated with higher values of body condition are then predicted to incubate more

relatively massive eggs.

Methods

Study area

Study site consists of up to 170 fishponds in the Tiebonn Biosphere Reserve
and surrounding area in South Bohemia, Czech Republic (48.97-49.26°N, 14.66—
14.97°E). Data were sampled from 2004 to 2020 inclusive. The water surface area of
the fishponds varied between 0.21 and 298.00 ha (mean + sd = 16.97 + 39.82 ha) and
proportion of cover of emergent vegetation varied between 1.03% and 90.0% (mean
+sd =21.30 + 16.26%). Most emergent vegetation was located along shorelines or in
the shallow water centres of fishponds, and was mostly Common Reed Phragmites
australis, Cattail Typha latifolia, sedges Carex spp., Great Manna Grass Glyceria

maxima and willows Salix spp. (Janda et al., 1996, Cehovska et al., 2019).

Clutch and breeding female’s data

Nest surveys were performed on islands and in the littoral stands of fishponds. Each
noticed nest was marked with a specifically coded flag tied on the surrounding
vegetation. All eggs in each observed nest were numbered, measured in length and

width to the nearest 0.1 mm using digital calliper and their colour and shape were
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recorded (to exclude parasitic eggs). Incubation stages of clutches were estimated
using a flotation technique (Westerskov, 1950) and candling (Weller, 1959).
Breeding females of Common Pochard and Tufted Duck were caught on nests in late
incubation stage using drop door traps (Weller, 1957). Each captured female was
transported in cloth bag to the shore of a pond where female was weighed while
settled in cloth bag using spring weight scale. Immediately after removal from bag,
linear body measurements (tarsus length and wing length) of each female were
subtracted using steel rule and digital caliper. Additionally, uniquely combined color
rings were applied on right and left tarsus of every individual (Hofak et al., 2002;
Rodriguez et al., 2006; Guillemain et al., 2007; Cehovska et al., 2019). Female was

released immediately after marking, weighing and measuring.

Environmental variables

We selected biotic and abiotic variables that could potentially directly influence
female body condition and/or indirectly through drivers of habitat quality in
wintering and breeding grounds. First, we used NAO index (North Atlantic
Oscillation indices — www.cru.uea.ac.uk; Hurrell 1995) as a broad estimate of
climatic condition across Europe in winter (December — February) ahead of breeding
season. Next, we used water transparency as a transparency of water measured with
a Secchi desk as an arithmetic mean of values obtained from controls (May and June)
for studied area in agiven breeding season. Finally, we used coloniality gradient
as a nest space distribution — total number of nests of one species recorded for one

pond in a given year.
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Reproductive characteristics

Alike to drivers of female body condition we have chosen important parameters of
bird’s reproduction that could be influenced with body condition. First, laying date
was backwards calculated from the clutch incubation stage and the clutch size (see
also Lack, 1947) expresses a day when first egg in the nest of a given female was
laid. Two variables for clutch size (i.e. number of eggs) of a given female had to be
differentiated in view of the fact that nests could be of a high rate of interspecific
parasitism. Then, total clutch size is an explicit maximum of eggs recorded in the
nest of a given female prior to hatching and non-parasitised clutch size is a resulting
number of eggs in the clutch after subtracting the number of parasite eggs. A parasite
egg was identified by its different shape, size and color. We took into account
conspecifics parasitism when the egg accretion rates were greater than one per day
and staggered incubation stages among eggs within a clutch were unambiguous
(Dugger & Blums, 2001). Mean egg mass was calculated as the arithmetic average of
approximate egg mass for non-parasite eggs, obtained according to Rowher (1988) as
EM =L xW?x0.555; where W = egg width (mm), L=egg length (mm)
and EM = egg mass (mm?®). Next, hatching success indicates a proportion of eggs
recorded as successfully hatched from the total number of eggs in the clutch. Finally,
we used reproductive investment computed as number of eggs x mean egg mass, this
variable expressing nutritional investment in clutch formation and egg incubation of

a given female at the moment of capture on the nest.

Statistical methods
Our analysis proceeded in three stages. First, we obtained two alternative measures

of a female’s body condition (body condition indices). Second, we assessed the
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effect of environmental characteristics on body condition. Finally, we studied the
effect of body condition on the female’s reproductive parameters.

In descriptive studies of ducks, an oft-used proxy of body condition is based
on the residuals from the regression of (log-transformed) body mass on a (log-
transformed) linear measurement of body size (Pieg & Green, 2009). A proxy based
on this simple bivariate relationship is, however, severely compromised by ignoring
the continual decline in body mass during egg laying and clutch incubation
(Gloutney, 1989; Owen & Black, 1990). Therefore, our definition of the body
condition indices includes incubation stage (number of days before hatching) as an
additional predictor of body mass.

Our body condition indices (BCI) differ in their selection of the linear skeletal
dimension employed in the calculation: we use either the wing length (BCI_W) or the
tarsus length (BCI_T). The BCIs were obtained as the residuals from the regression
of the log of mass (g) on (i) the log of wing/tarsus length (cm) and (ii) the incubation
stage (number of days before hatching); data were pooled across all years in this
calculation (see also Blums et al., 2005). The values of the indices approximate
relative deviation of the overall body mass of a given female from the average body
mass of afemale with the given wing/tarsus length and at the given stage of
incubation. Negative BCI values indicate females with a lower-than-average mass,
positive values indicate the opposite.

In the second stage of the statistical analyses, we assessed the effect of
environmental variables on body condition in a regression setting. In particular, we
ran a mixed-effects linear regression with a female-specific random effect of the

body condition index on NAO index, water transparency, coloniality gradient and
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reproductive investment; moreover, to account for the potential long-term trend, we
included year as another explanatory variable.

Finally, we studied the effect of the body condition indices on reproductive
parameters. For the reproductive parameters that can be plausibly modelled as
continuous variables (laying date, mean egg mass, hatching date), we again applied
linear regressions with female-specific random effects; for clutch sizes (total clutch
size and non-parasitised clutch size), we opted for mixed-effects Poisson regressions
(with female-specific random effects) instead. In all regressions, we again included
year as a control variable. Multicollinearity was assessed using variance inflation
factors (VIFs); in all regressions, all VIFs were below 2.5, indicating little
collinearity (Allison, 1999). All statistical analyses were carried out in Stata version

16 (StataCorp LP, College Station, TX, USA).

Results

Drivers of female body condition (BClI_W, BCI_T)

In Common Pochard, we found a significant long-term increase in both body
condition indices (Table 1, Figure 1, 2, year, p = 0.033 for BCI_W, p = 0.045 for
BCI_T); the regression coefficients imply that with each year, the body condition
indices grew by app. 0.002. Over the 16-year span of the study period, this
corresponds to a change in body mass by app. 3 per cent, with the body size and
incubation stage being held constant. A similar trend was found in Tufted Duck as
well, although it is only found significant for the tarsus-based body condition index

(Table 1, Figure 1, 2, year, p = 0.207 for BCI_W, p = 0.033 for BCI_T).
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The effects of weather conditions in previous winter (NAO Index), water
transparency, coloniality gradient and reproductive investment were not confirmed as

significant in either of species.

Parameters of reproduction

Tables 2 and 3 present the results of the regressions assessing the effect of body
condition indices on reproductive parameters for Common Pochard. Both body
condition indices significantly affected mean egg mass (Figure 3, 4, p = 0.024 for
BCI_W, p = 0.016 for BCI_T) and hatching success (p = 0.006 for BCI_W, p =
0.004 for BCI_T). Females of this species with higher values of body condition
indices (both BCI_W and BTC_T) laid larger eggs and a higher proportion of them
successfully hatched. Moreover, we found a significant long-term increase (p = 0.021
for BCI_W, p = 0.023 for BCI_T) in laying date in this species; concretely, the
laying date is delayed by 0.35 days on average each year.

Analogous analyses for Tufted duck are presented in Tables 4 and 5. Body condition
indices significantly affected mean egg mass (p < 0.001 for both BCI_W and
BCI_T), when larger females laid larger eggs. Like in Common Pochard, coefficient
estimates point towards a positive effect of body condition on hatching success, but
the results are just short of being significant (p = 0.100 for BCI_W, p = 0.062 for
BCI_T) in Tufted Duck. Moreover, we found a significant long-term decrease in
hatching success (p < 0.001 for both BCl_W and BCI_T) and a long-term increase in

total clutch size (p = 0.025 for BCI_W, p = 0.028 for BCI_T).
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Table 1. Results for the mixed-effects regressions of wing- and tarsus-based
condition indices (BCl_W and BCI_T) on environmental characteristics.

Variable Common Pochard Tufted Duck

BCI W BCIL. T BCI W BCIL.T
Year 1.919* 1.834* 1.400 2.503*

(0.898) (0.914) (1.111) (1.173)
NAO index -3.246 -3.238 -3.723 -5.435
(previous winter) (2.633) (2.664) (3.196) (3.313)
Water -0.065 -0.147 -0.011 0.046
transparency (0.272) (0.276) (0.314) (0.330)

ol - -0.143 -0.193 0.305 0.350

Coloniality gradient (0.201) (0.204) (0.265) 0277)
Reproductive investment 0.007 ~0.009 -0.013 -0.004

(0.017) (0.017) (0.022) (0.023)
Observations 166 166 293 293
R-squared 0.006 0.009 0.010 0.021
Maximum VIF 1.657 1.657 1.620 1.5960
Mean VIF 1.278 1.278 1.277 1.269
AlCc 1746.688 1758.312 3312.480 33152.873
Overall p 0.408 0.406 0.572 0.189
p |(female random eff.) 0.244 0.181 0.001 <0.001

Coefficients and standard errors (in parentheses) have been multiplied by 1000 to enhance readability
| and are printed with a precision of three significant digits.

R-squared was obtained as the square of Pearson’s correlation of actual and fitted values (only the
| fixed-effect estimates were used in the calculation of fitted values). * P < 0.05, ** P < 0.01.
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Figure 1. Effect of year on BCI_W (95% CI) of 166 individuals (black circles) in
Common Pochard and 293 individuals in Tufted Duck based on model outputs
(Table 1).
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Figure 2. Effect of year on BCI_T (95% CI) of 166 individuals (black circles) in
Common Pochard and 293 individuals in Tufted Duck based on model outputs
(Table 1).
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Table 2. Results for the regressions of reproductive parameters of Common Pochard

on the wing-based body condition index (BCI_W) and year (mixed-effects linear

regressions for laying date, mean egg mass and hatching success; mixed-effects

Poisson regressions for total clutch size and non-parasitised clutch size).

Variable Laying Meanegg Hatching Total_ parNagiTise d
date mass success  clutch size .
clutch size
Body condition index -10.970  14.250* 1.737** 0.082 -0.031
(wing) (16.760) (6.314) (0.630) (0.524) (0.532)
Year 0.354* -0.070 -0.004 0.005 0.004
(0.153) (0.058) (0.006) (0.005) (0.005)
Observations 194 166 194 194 194
R-squared 0.006 0.029 0.035 0.563 0.536
Maximum VIF 1.061 1.022 1.039 1.039 1.039
Mean VIF 1.061 1.022 1.039 1.039 1.039
AlCc 1482.236  914.450  210.344  1015.725 994.423
Overall p 0.014 0.056 0.011 0.585 0.714
p (female random eff.) 0.013 0.050 0.101 0.042 0.068

Coefficients and standard errors (in parentheses) are printed with a precision of three significant
digits. R-squared was obtained as the square of Pearson’s correlation of actual and fitted values (only
the fixed-effect estimates were used in the calculation of fitted values). * P < 0.05, ** P < 0.01, *** P

< 0.001.
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Figure 3. Effect of BCl_W on mean egg mass (95% CI) for 166 nests (black circles)
in Common Pochard and 293 nests in Tufted Duck based on model outputs

(Table 2 and 4).
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Table 3. Results for the regressions of reproductive parameters of Common Pochard
on the tarsus-based body condition index (BCI_T) and year (mixed-effects linear
regressions for laying date, mean egg mass and hatching success; mixed-effects

Poisson regressions for total clutch size and non-parasitised clutch size).

Variable Laying Meanegg Hatching Total_ parNagiTise d
date mass success clutch size ;
clutch size
Body condition index  -8.396 14950*  1.776** 0.193 0.004
(tarsus) (16.540) (6.193) (0.621) (0.518) (0.525)
Year 0.347* -0.063 -0.009 0.004 0.004
(0.152) (0.057) (0.006) (0.005) (0.005)
Observations 194 166 194 194 194
R-squared 0.009 0.035 0.032 0.547 0.537
Maximum VIF 1.024 1.018 1.024 1.024 1.024
Mean VIF 1.024 1.018 1.024 1.024 1.024
AlCc 1482.406 913.758 209.741 1015.610 994.426
Overall p 0.073 0.039 0.008 0.552 0.715
Eﬁﬁ_ffma'e random 4 14 0.054 0.095 0.041 0.067

Coefficients and standard errors (in parentheses) are printed with a precision of three significant
digits. R-squared was obtained as the square of Pearson’s correlation of actual and fitted values (only
the fixed-effect estimates were used in the calculation of fitted values). * P < 0.05, ** P < 0.01, *** P

< 0.001.

Common Pochard

70-

65-

60-

Mean egg mass

55-

50-
0.1 00

01

BCLT

02 0.1

Tufted Duck

0.0

02

Figure 4. Effect of BCI_T on mean egg mass (95% CI) for 166 nests (black circles)

in Common Pochard and 293 nests in Tufted Duck based on model outputs (Table 3

and 5).
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Table 4. Results for the regressions of reproductive parameters of Tufted duck on the
wing-based body condition index (BCI_W) and year (mixed-effects linear
regressions for laying date, mean egg mass and hatching success; mixed-effects
Poisson regressions for total clutch size and non-parasitised clutch size).

Variable Laying Meanegg Hatching Total No_n_- d
date mass success  clutch size parasitise
clutch size
Body condition index 9.389 8.816*** 0.490 -0.210 -0.250
(wing) (10.670) (2.448) (0.298) (0.275) (0.269)
Year -0.124 0.047 -0.025*** 0.009* 0.006
(0.151) (0.036) (0.004) (0.004) (0.004)
Observations 322 293 322 322 322
R-squared 0.003 0.006 0.056 0.576 0.521
Maximum VIF 1.003 1.003 1.003 1.003 1.003
Mean VIF 1.003 1.003 1.003 1.003 1.003
AlCc 2588.309 1452.651 291.394  1730.436 1691.814
Overall p 0.502 0.001 <0.001 0.066 0.239
p (female random eff.) 0.013 <0.001 0.453 <0.001 0.011

Coefficients and standard errors (in parentheses) are printed with a precision of three significant
digits. R-squared was obtained as the square of Pearson’s correlation of actual and fitted values (only
the fixed-effect estimates were used in the calculation of fitted values). * P < 0.05, ** P < 0.01, *** P
< 0.001.

Table 5. Results for the regressions of reproductive parameters of Tufted Duck on
the tarsus-based body condition index (BCI_T) and year (mixed-effects linear
regressions for laying date, mean egg mass and hatching success; mixed-effects
Poisson regressions for total clutch size and non-parasitised clutch size).

. . Non-
Variable Laying Meanegg Hatching Total_ parasitised
date mass success  clutch size i
clutch size
Body condition index 6.689 10.890*** 0.537 -0.118 -0.153
(tarsus) (10.290) (2.306) (0.287) (0.266) (1.000)
Year -0.083 0.027 -0.025*** 0.009* 0.005
(0.155) (0.036) (0.005) (0.004) (0.015)
Observations 322 293 322 322 322
R-squared 0.004 0.015 0.056 0.580 0.543
Maximum VIF 1.010 1.0128 1.010 1.010 1.010
Mean VIF 1.0105 1.012 1.010 1.010 1.010
AlCc 2564.539 143.861 290.465 1715.701 1678.884
Overall p 0.726 <0.001 < 0.001 0.086 0.361
p (female random eff.) 0.014 <0.001 0.454 <0.001 0.010

Coefficients and standard errors (in parentheses) are printed with a precision of three significant
digits. R-squared was obtained as the square of Pearson’s correlation of actual and fitted values (only
the fixed-effect estimates were used in the calculation of fitted values). * P < 0.05, ** P < 0.01, *** P
< 0.001.
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Discussion

Long-term trends in female body condition

The understanding of the long-term trends in body condition is essential for
understanding the population dynamics of the species (Blums et al., 2005;
Guillemain et al., 2010; Newton, 2013; English et al., 2018). Here, we found out
significant long -term increase of body condition in breeding females of Common
Pochard. This finding has a major implication in conservation context for this
species, nowadays considered as a globally declining (IUCN, 2020; Kitowski, 2020).
For instance, Fox et al. (2016) described the Pochard decline over the 30 years in
a wide range of Europe and highlighted the urgent need to study key factors affecting
his survival and breeding success.

Our results provided increased values in both body condition indices in
Common Pochard and supported direct evidence, that Czech breeding Pochards do
not suffer from reduced body condition within last two decades. Our study, as the
first in Europe highlight that decline in numbers and/or proportion of females in
Common Pochard Western Palearctics Populations (Frew et al., 2018) is likely not
caused by reduced body condition.

In Tufted Duck was also confirm long-term increase in body condition
(BCIL_T respectively) which is relevant explanation that females in either species are
in higher body conditions when, due to climate warming, breed and winter in more
conditionally suitable habitats and/or are better survivals (Devries et al., 2008;
Guillemain M., et al., 2008; Newton, 2013; Podhrazsky et al., 2017). Increased body
condition could be beneficial in annual survival as suggested by Haramis et at.,
(1986), above that, females in poor body condition are more likely to be selected

from populations. In contrast with relatively fixed opening dates of hunting seasons
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in many European countries, advanced breeding seasons in suitable food and weather
conditions result in greater body condition of females in the end of breeding season
and hence better ability to avoid hunting pressure and reduce mortality (Oja & Poys4,
2005). Above that, poor body condition individuals could be more susceptible to
latent infections (Anteau & Afton, 2004; Flint & Franson, 2008) and could suffer
from parasitic load (Garbus et al., 2018) or contaminant burdens (Heinz &

Fitzgerald, 1993; Hughes et al., 2019).

Environmental variables

As a result of earlier spring phenology (Solomon et al., 2007) and long-term climate
warming (Hurrel & Deser, 2010), we expected that increasing winter NAO index
values would be positively correlated with body condition indices, however, we
found no evidence of this relationship neither in Common Pochard, nor in Tufted
Duck. The explanation could more probably mirror the environmental stochasticity
of winter/early spring weather conditions throughout European wintering habitats
described with local habitat conditions substantially contribute to female body
condition rather than large scale climatic characteristics such as NAO index (Drever
etal., 2012).

Similarly, mean water transparency in the breeding area did not occur as
directly influencing either body condition indices in either species. Studied ducks,
as mentioned above, are invertivorous during the breeding season and feed on small
groups of invertebrates (Snow & Perrins 1998; Kear, 2005; St’astny & Hudec, 2016).
Density of benthophagous organisms should underlie food supply for breeding
females especially in pre-breeding periods, important for acquiring nutrients after

arriving from wintering grounds (Alisauskas & Ankney, 1992).
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On the basis of non- randomly distributed nests and preference of higher
quality habitats, we tested whether coloniality gradient could prove an obvious trend
in female body condition. Nevertheless, we did not find any relationship between
colonial gradient and female body condition, we also did not confirm any significant

effect of reproductive investment on body condition of incubating female.

Effect of body condition on parameters of reproduction

Common Pochard

According to our results, there was confirmed the long-term increase in body
condition of breeding females of Common Pochard in our study area. Furthermore,
the long-term delay in egg laying was recorded, whereas it was not affected by body
condition (both BCI_W, BCI_T). Common Pochard is relatively early nesting
species (esp. in comparison with Tufted Duck). Early nesting provides advantageous
for ducklings which hatch in the peak of chironomid abundance (Street, 1977; Hill et
al., 1984), and provides sufficient food supply.

Environmental and individual correlations of Common Pochard showed
strong relationship between laying date and female breeding success, as seems to be
important for assessment of population trends (Folliot et al., 2016), when nest
success was higher in years when laying began earlier in the season. Hence, we
looked closer to response of body condition. Consistently with results of nest
survival studies for diving ducks where high rate of body condition was beneficial
during clutch incubation and requirements for clutch size (Arnold et al., 1995)
(Common pochard included (Blums et al., 1997a).

An conclusive debate about trade-off between egg mass and clutch size
(Rohwer, 1988; Blackburn, 1991; Figuerola & Green, 2006) in Common pochard

was found to be disadvantaged with a scarced data, but for instance Hotak et al.
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(2007) failed to reveal any correlation between egg mass and clutch size. Our work is
on to support his suggestion, when there was no effect of female body condition on
clutch size in contrast with mean egg mass which was positively correlated with
body mass. Question under discussion for such a results is again declining in
Common pochard populations. Ultimately, increased body condition matters
in producing relatively larger eggs, which could be agood predictor of future
duckling growth and survival (Galbraith, 1988; Dawson & Clark, 1996; Pelayo &
Clark, 2003), while larger eggs contain greater amount of essential nutrients
(Ricklefs et al., 1978) and hatched young are then predicted to be heavier (Reed et al.
1999) structurally larger (Grant, 1991) and achieve higher survival probability
(Lepacge et al., 2000; Blums et al., 2002).

But is the larger body size as duckling an undisputable assumption for higher
survival later in lifespan? There are no available recent studies analysing duckling
survival, hence we validate the view that main focus in future studies should
be invested in observations of individuals belonging to young age cohorts (such as
juvenile or postfledging) and its relation to Common Pochard population dynamics.
Over that, most recent study of Folliot et al. (2020) declared that adult female

survival is not responsible for Common Pochard decline.

Tufted Duck

A Tufted Duck is considered relatively late nesting species, with first laying date on
average occurs up June (Neuzilovda & Musil, 2010; Stastny & Hudec, 2016;
Cehovska et al., 2019). According to fact, that laying date has not changed with year
or body condition in this species, laying can be strongly genetically fixed for a

particular span in breeding season when Tufted duck could benefits in habitat
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condition for late nesting expressed is the height and dense of vegetation cover
allows extraordinary nest camouflage against aerial predators Bengtson (1972), or
higher density of breeding females and hence lower probability of predation.

However, a closer look at the timing of laying indicates that synchrony of
breeding with larids in colonies is more responsible for such a timing (Gotmark &
Ahlund, 1984; Viininen, 2000; Pdysi et al., 2019). In consequences with breeding
performance, females monitored in studied area have also been found in better body
condition (BCI_T respectively), but in contrast to Common Pochard long term
decrease in their hatching success was found to be significant, whereas for body
condition (BCI_W, BCI_T respectively marginally significant) indicated reversed
relationship. Above that, clutch size significantly increased with year but only for
total clutches size including parasitic eggs (here total clutch size).

The available evidence therefore pointed to discuss increased proportion of
parasitic egg laying (Dugger & Blums, 2001) and disadvantages of late nesting.
Deterioration of environmental and habitat conditions later in breeding season
implies lower water transparency, reduced food availability, increased heat stress
(Ma et al., 2014) and inter and intraspecific competition for space and resources
(Bethke, 1991; Elmberg et al., 1997). Late nesting females of Tufted Duck probably
exposed to pressure due to reduced optimal conditions for nesting could be therefore
at a higher rate of parasitism and unable to incubate clutches with aplenty of parasitic
eggs laid with earlier nesting females as potentially renesting due to nesting failure.
In addition, higher probability of disturbances in late breeding season occurs as nest
predation and fluctuation of water (Walker et al., 2005). From the perspective of

breeding requirements, an abandoned clutches of Tufted Duck result as only wasted
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nutrition, adequate timing of breeding and breeding effort expressed with energy
expenditure (Armstrong & Robertson, 1988).

Increase in mean egg mass with body condition could similarly as in pochard
indicate for nutrient allocation primarily in egg size rather than clutch size, however
females in better body condition might have laid parasitically with higher probability
(Davies, 2000) which could lead to larger clutches (Neuzilova & Musil, 2010).

On the other hand, an overall results of Tufted Duck nesting success,
the observed decline in hatching success and simultaneously increase in clutch size
underlay rather disadvantages evidence of late nesting and develops the claim that

although females are in great body condition are unable to incubate clutches.

Body condition indices: evaluation of results

As an addition to our study we find important to evaluate the validity of use body
condition indices for females of Common Pochard and Tufted Duck females based
on wing length and tarsus length and interacted with body mass. The pattern of long-
term changes and relationships between both condition indices (based on wing or
tarsus length reproduction parameters are quite similar.

We suggest that Tufted Duck has different proportions between body
dimensions than Common Pochard, which is more robust species probably in all
skeletal dimensions. (Kear, 2005; Stastny & Hudec, 2016). The underlying argument
in favour of inserting tarsus length in body condition indices against wing length is
the expression of structural body size with the use of the only featherless bone
according to duck morphology (Snow & Perrins, 1998; Kear, 2005). Moreover,
correlations of body measurements with body mass differs, where wing is in ducks

more strongly correlated with body mass (Robertson et al., 2008; Ewuola, 2020).
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Continuously, the body size development of studied ducks as a precocial species able
to swim right after hatch could refer to faster growth of tarsus in contrast to wing
(Giammarino, 2018). Above that, Tufted Duck appears to maturity earlier than
Common Pochard and higher body condition variability (mainly in mass and wing

size) could occur within older and younger breeding individuals (Blums et al., 1996).
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[ Zavér a prinos prace

Predkladand diplomova prace sumarizovala dosavadni poznatky o faktorech
pusobicich na télesnou kondici potapivych kachen a vlivu télesné kondice
na parametry reprodukce. V pfilozeném manuskriptu pfipravovaného ¢lanku byly
testovany statisticky reprodukovatelné faktory prostiedi (NAO index a prihlednost
vody) a individuality hnizdicich samic (gradient koloniality a investice
do reprodukce) na télesnou kondici polaka velkého a polaka chocholacky vyjadienou
kondi¢nimi indexy pro kiidlo a tarsus. Byl zahrnut také vliv roku a byly sledovany
dlouhodobé trendy V télesné kondici. Nasledné byl testovan vliv télesné kondice
na parametry reprodukce a byly diskutovany vysledky pro oba ze studovanych
druhd.

Za nejveétsi piinos své prace povazuji zjisténi, Ze poldk velky, ackoliv
je vsoucasné dobé povazovan za globalné¢ ubyvajici druh vykazuje v samic¢im
pohlavi dlouhodobé rostouci télesnou kondici. V uzkém vztahu mezi télesnou
kondici areprodukci se navic podafilo prokazat, ze samice polaka velkého maji
dlouhodob¢ vétsi vejce a vysSi uspéSnost lihnuti. Bylo tedy mozné konstatovat,
ze klesajici trend velikosti evropské populace polaka velkého je tieba dale podrobit
zkoumani natrovni piezivani mladat a jejich vyvoje do dosazeni pohlavni
dospélosti. Tyto vysledky povazuji za jedine¢ny piinos pro nastaveni ochrandiského

managementu polaka velkého v evropském aredlu vyskytu.

Pro samice polaka chocholacky byl rovnéz prokazan dlouhodoby trend
zvySené télesné kondice a dale zvétSovani sndsek, ale dlouhodobé nizsi relativni

uspé&snost lihnuti, které poukazaly na kumulativni nevyhody pozdniho hnizdéni.
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8 Seznam priloh

1. Mapa - Trendy Vpocetnosti hnizdicich polakt velkych v Evropé
(Fox et al., 2016).

2. Mapa - Hnizdni kolonie kachen na rybniku Rod; individualni kody hnizdicich

samic studovanych druhti jsou zobrazeny textem (vlastni zpracovani).

3. Mapa - Zimni zdznamy pozorovani studovanych druhti kachen v Evropé
(2010-2020) (vlastni zpracovani).

4. Tabulka - Srovnani morfologie kiidla u dvou vékovych kohort samic

studovanych druhti.
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9 PFilohy

Priloha ¢.1 Trendy v pocetnosti hnizdicich polak velkych v Evropé (Fox et al.,
2016).
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Ptiloha ¢. 2 Hnizdni kolonie kachen na rybniku Rod; individudlni kédy hnizdicich

samic studovanych druht jsou zobrazeny textem (vlastni zpracovani).
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Ptiloha €. 3 Zimni zdznamy pozorovani studovanych druht kachen v Evropé (2010-

2020) (vlastni zpracovani).
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Ptiloha ¢. 4 Srovnani morfologie kiidla u dvou vékovych kohort samic studovanych
druht.

Polak velky (Aythya ferina)

juvenilni adultni

Polak chocholacka (Aythya fuligula)

juvenilni adultni

Zdroj: http://www.oncfs.gouv.fr
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