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Strnad rakosni se driuje pouze tam, kde na baginatjch mistech roston vysoké vodnf rostliny, rikost,
orobinec, ostiice, vrbovi, fedy u rybniki, rek, biehi jezernich a na mokrych lukdch. Tam také hnizdi
Hnizdo byva velmi skryté umisténo na pidé maljch ostrovii a jinych vodon nepokrytych mistech...
Duakrit za léto, v kvétnu a poldtkem Cervence, nachdzime v ném 4 a% 6 siblednych vajicek... Samice sedd
na vejcich velmi pevné; samec prilétd jakmile se k hnizdu bligime, iizkostné a velmi narikd. Podle veho
byvd samice v polednich hodindch na kritkon dobu samcem vystiidina. Mlddata libnon se po 12 ag 14
dnech a byvaji obvyklim zprisobem vyZivovina a vychovavina. Strnad rékosnt jest (ily, sibledny ptik...
Jebo viben? jest jasné, protahlé ,,citi, zpév pak, jak Newmann velmi prihodné pravi, jest koktapy:

JStrnad rakosni Skrti takika jednotlivé tony ze sebe”. Zpivd pilné...

Alfred Brehm 1928. Brehmuv Zivot zvifat. pfel. . Janda, dil IIL., svazek IV., str. 351-352.




UVOD a SHRNUTI

W1t would appear that, in response to a stable and predictable resonrce, many
species have evolved a strategy of returning to the same network of areas throughout
their life cycle...When wetland habitat is predictable, this is a good strategy, but
ncreasingly, human disruption to annual cycles makes this a strategy that is less
likely to ensure survival and successful reproduction.

Tony Fox in Kear 2005: Duck, Geese and Swans, p 134

Studium ptaci ,life-history” pocinaje variabilitou ve velikosti a poctu vajec, pfes dobu
inkubace, pocet sntsek za rok, az po pfezivani mladat a dospélct patfi mezi jiz tradicné
zkoumané odvétvi ornitologie (Lack 1968, Owen & Black 1990, Newton 1998, Kear 2005,
Benett & Owens 2005). Takika ve vsSech stadiich svého zZivotnitho cyklu jsou ptaci
ohrozovani na zivoté, at’ jiz z divodu nedostatku potravy, predace, nepfiznivého pocasi,
nemoci nebo lidskymi zasahy (Benett & Owens 2005). V ramci ptaci fiSe existuje vysoka
variabilita, jak se stémito omezenimi vyrovnat. Pomoci pfirodni selekce dochazi
k optimalizaci investic do rustu, pfezivani a reprodukce (napf. Lack 1954, Lack 1968,
Charnov & Krebs 1974). Tyto tfi okruhy spolu velice tzce souvisi. Rust je narocny a snizuje
energetické zasoby, které by mohly byt investovany do reprodukce. Obdobné reprodukce
omezuje nasledné pfezivani (Lack 1968, Owen & Black 1990). Piirodni vybér v podstaté
neumoznuje maximalizaci rastu a prezivani vSech vékovych kategorif a zaroven maximalizaci
reprodukce. Tento fakt vede k pozitivhimu vztahu mezi vékem v dobé prvntho zahnizdéni
a naslednym pfrezivanim, a také ke vztahu negativhimu mezi poctem sntsek za rok
a prezivanim (Partridge & Harvey 1988). Benett & Owens (2005) se pokusili s pouzitim
vicerozmeérnych korelacnich analyz shrnout klicové vztahy v ramci /fe history u vice nez 2000
druht ptaka a zjistili nasledujici pozitivni korelace: vaha samice koreluje s vahou vajec a, vaha
vajec koreluje s dobou inkubace, inkubace ovliviiuje dobu stravenou péci o mlad’ata a vék pfi

prvanim zahnizdéni, ktery pozitivné koreluje s prezivanim dospélct. Jediny negativni vztah byl



zjistén mezi reprodukcnim usilim (celkovy pocet sntsek za rok, velikost snisky) a prezivanim
v dospélosti. Pfi snaze o optimalizaci vyse uvedenych parametrt vstupuji do hry také
ckologické faktory, jako napf. potravni specializace, reprodukcni strategie (altricialni,
prekocialni druhy) a strategie pfezivani (,fast™ and ,slow* life histories) (Lack 1968, Owen &
Black 1990, Newton 1992, Benett & Owens 2005, Kear 2005).

Zminéné ekologické faktory se casto projevuji zejména v rychle se ménicich
podminkach raznych typh ekosystémut vystavenych dlouhodobym antropogennim vlivim
(Newton 1998). Moktady patif k nejvice ohrozenym ekosystémim nasi planety (Finlayson &
Moser 1991, Boere et al. 2006). V podminkach stfedni Evropy byly mokfady po staleti
ohrozovany vysousenim a pfeménou v zemédélsky vyuzivané plochy ¢i pfimo v zastavéné
oblasti, ¢imz doslo k jejich nynéjsi fragmentaci (Chytil e 2/ 1999). Sledovani rozsahu téchto
zmén 1 jejich dopadu na cela rostlinna i1 zivocisna spolecenstava je z mnoha metodickych
divoda znacné problematické (Musil 2005). V této souvislosti byvaji vyuzivany urcité
modelové organismy, mnohdy oznacované jako indikatory, které zménami své pocetnosti,
distribuce, ekologie i etologie odrazeji celkové zmény zminénych spolecenstev. Velice ¢asto
jsou takto vyuzivani pravé ptaci, které upfednostiiuje mimo jiné prave jejich relativné snadna
zachytitelnost, propracovanost metod vyzkumu 1 jejich terminalni ¢i sub-terminalni postaveni
v potravnich fetézcich (Bibby ef a/ 1992, Wiens 1992, Perrins ef al. 1993, Newton 1998, Musil
2005). Tento klicovy vyznam ptaka byl rozpoznan i v samotnych pocatcich snah
o celosvétovou ochranu mokfadnich biotopt. Ne ndhodou byla tzv. Ramsarska umluva
v roce 1971 oficidlné nazvéana jako Umluva o mokiadech majicich mezindrodni vyznam predevsin jako
biotopy vodniho ptactva (Chytil et al. 1999, Finlayson & Moser 1991, Boere e a/. 2006) I mezi
vodnimi a mokfadnimi druhy ptakt najdeme velké spektrum druhu lisicich se mimo jiné
potravni specializaci, zivotn{ strategii, migracnim chovanim, télesnou velikosti a v neposledni
fadé i vztahem clovéka k témto druhtim. Mozna pravé proto vétsina vodnich a mokfadnich
druht ptakt na nasem tzemi ubyva nebo pfibyva, a to jak v dob¢ zimovani (Musilova ez al.
2009, Musil ¢z al. subm.), tak v dobé hnizdéni (Musil 2000, St'astny ez a. 2006).

Mezi rakosinné druhy pévca fadime i strnada rakosniho Ewmberiza schoeniclus (napt.

Blumel 1989, van Vessem & Trucker 1997), ktery pfedstavuje vhodny modelovy druh.



Rozsifeni rakosinnych druht tzce souvisi s jejich naroky na prostfedi (Leisler 1975, Leisler
1981, Leisler e a/. 1989, Baldi ez a/. 1998, Baldi & Kisbenedek 1999, Martinez-Vilalta e 4.
2002). V ramci této skupiny se strnad rakosn{ jevi spise jako méné specializovany, je schopen
okupovat $irsi skalu mokfadu a muze také inklinovat k sussim biotopum (Martinez-Vilalta ez
al. 2002, Grujbarova ef al. 2005). Mnohymi studiemi bylo zjisténo, ze migrujici jedinci se snazi
navratit na sva hnizdisté co nejdfive, aby ziskali vyhodu pfi kompetici o teritoria pfed
ostatnimi (Hopp ez al. 1999, Klemp 2003, Sergio & Newton 2003, Tryjanowski ez al. 2004,
Sergio et al. 2007). Tyto pozdéji pfilétajici druhy se snazi obsazovat teritoria obyvana
v pfedchozim roce. Naopak druhy, které se navraceji na sva hnizdisté brzy na jafe, v dobé
mén¢ pfiznivych klimatickych podminek, se po piiletu shlukuji do potravnich hejn. Tato
seskupeni pravdépodobné slouzi k vylepSeni jejich télesné kondice (Newton 2008). Strnad
rakosni patif do této druhé skupiny casné prilétajicich druhlG (early-arriving species) (Blimel
1989, Cramp & Perrins 1994, Glutz von Blotzheim & Bauer 1997). Dale se vyznacuje
riznymi typy zpévu samcu v zavislosti na momentalnim reprodukénim statutu (Nemeth
1996, Suter ez al. 2009).

V prvni casti (Kapitola I.) byly testovany otazky vybéru hnizdnfho prostfedi
v souvislosti s nacasovanim hnizdéni, hnfzdni dspésnosti a vékem samic. Jak jiz bylo
zminéno, strnad rakosni pati{ v ramci rakosinnych druhd péved k méné specializovanym
(Blimel 1989, Cramp & Perrins 1994, Glutz von Blotzheim & Bauer 1997, Baldi &
Kisbenedek 1999). V nasich podminkach obyva sirokou skalu mokfadnich biotopu (litoraln{
a ptibfezni porosty rybniku, zbytky vlhkych luk, dhory, pravidelné kosené louky, piibfezni
porosty podél drobnych vodnich toku, raselinisté ap.) (Hudec 1983, Stastny e al 2000).
Méné¢ specializované druhy (babitat generalists) jsou pravdépodobné schopny nejen obyvat sirsi
skalu biotopt, ale také 1épe vyuzivat dostupné zdroje (Brown 1984) véetné vybéru mista
k zahnizdéni. Pfi studiu hnfzdni biologie strnada rakosniho na jihoceskych rybnikach nas
zajimaly pfedevsim otazky preference mikrohabitatu pro umisténi hnizda bé¢hem hnizdni
sezony, vliv tohoto vybéru na hnizdni dspésnost a vliv zkusenosti samice vyjadfeny vékem na
preferenci hnizdnfho mikrohabitatu. Predpokladali jsme, ze kvalitnéjsi samice budou schopny

okupovat optimalni mista k zahnizdéni, pficemz kvalita téchto jedinct byla vyjadfena pomoci



nacasovani hnizdéni, hnizdni dspésnosti a  zkuSenosti resp. veéku. Pfezivani
a pravdépodobnost vyvedeni difve snesenych snusek byva vyssi nez u pozdéjsich hnizdnich
pokust (Lack 1968, Perrins 1970, Benett & Owens 2005), obdobné starsi jedinci maji vyssi
reprodukéeni aspésnost nez mladsi méné zkuseni (Curio 1983, Geslin ez al. 2004).

Zjistili jsme, ze samice jevi tendenci okupovat obdobna mista k zahnizdéni béhem
celého hnizdniho obdobi (tedy v prabéhu vegetacni sezony), véetné obdobné vysky vegetace
a stejného podilu vegetace lonské v bezprostfednim okoli hnizda. Starsi a tedy zkusenéjsi
samice navic preferovaly nizsi vegetaci. Tyto vysledky naznacuji potfebu samice orientovat se
v okoli a uniknout pfed potencionalnim predatorem, piipadné rozhodnout moznou obranu
hnizda (Curio 1978, Halupka & Halupka 1997). Vzhledem k tomu, ze nebyl potvrzen
pfedpokladany vztah mezi nacasovanim hnizdéni a hnfzdni dspésnosti (resp. denni mirou
pfezivani hnizd), domnivame se, Ze samice se snaz{ minimalizovat efekt nac¢asovani 1 pomoci
vhodného vybéru mikrohabitatu hnizda béhem dlouhé hnizdni sezony. Kromé toho ptaci
oteviené krajiny, jako je strnad rakosni, hnizdici na zemi, jsou vystaveni vysokému
predac¢nimu tlaku, a individualni reprodukéni dspésnost je proto vysoce variabilni (Newton
1992). Zjistili jsme také, Ze starsi samice hnizdi dfive nez dvouleté nezkusené samice, jak
dokladaji mnohé studie (napf. Harvay e a/ 1985, Dhont 1989, Geslin e al 2004),
pravdépodobné z divodi moznosti opétovného zahnizdéni. Zajimavé bylo také zjisténi, ze
star${ samice narozdil od dvouletych nepreferovaly ostficové porosty (Carex spp.), které jsou
na sledovanych lokalitich pavodnéjsi nez ostatni vyuzivané druhy litoralu, napf. tftina
krovistni Calamagrostis epigeios a chrastice rakosovita Phalaris arundinacea (Janda et al. 1996, van
Vessem & Trucker 1997). Preference nepuvodnich porostd zkusenymi samicemi muze
souviset s pomérné velkou pfizpusobivosti daného druhu pfi vybéru vhodného hnizdniho
mikrohabitatu.

Vysledky nasi studie (Kapitola I.) naznacuji vyssi odolnost strnada rdkosntho vuci
vnéjsim zasahum do mokfadnich ekosystému v podminkach intenzivné obhospodatrovanych
jihoceskych rybnikt v porovnani s vice specializovanymi rakosinnymi druhy (napt. rakosnik
velky _Acrocephalus arundinacens, rakosnik obecny Acrocephalus scirpacens, cvréilka slavikova

Locustella luscinioides). Tuto skute¢nost podporuje i stabilni pocetnost strnada rakosniho u nas



v porovnani s ubjvajicimi druhy rakosniki a cvréilek (Musil 1999, Musil 2000, St’astny ef /.
20006). Naopak klesajici trend strnada rakosniho byl zjistén ve Velké Britanii, Belgii a Francii
(BirdLife International 2004), kde tento druh jevi tendenci obsazovat nepuvodni biotopy
v kulturn{ zemédélské krajin¢ (Gregory & Baillie 1998, Siriwardena e a/. 2000).

Vyznamem fragmentovanych mokfadnich biotopt pro strnada rakosntho v rybni¢naté
krajiné jiznich Cech jsme se zabyvali dale pfi studiu fidelity (ndvratnosti na hnizdiite)
a obsazovani teritorii (Kapitola II.). Fidelita je u pévcu Siroce rozsifena, dospéli jedinci se
v takovém piipadé snazi vracet na misto pfedchoziho hnizdéni opakované (Greenwood
& Harvey 1982, Berthold 2001, Klemp 2003, Newton 2008). Vétsina druht s vysokou
fidelitou ma nizkou filopatrii (navratnost na rodiste). Fidelita s sebou nesporné nese fadu
vyhod, jako napf. lokalni znalost prostfedi (potravni zdroje, ukryty ap.), adaptaci na lokalni
podminky nebo znalost mistnich kompetic¢nich a socialnich vztaht (napt. Greenwood 1980,
Berthold 2001, Newton 2008). Naopak vyhody disperse jsou nasledujici: vyhledani
vyhodnéjstho prostfedi (napf. v habitatech s probihajici sukcesi, mezirocné se ménicich
potravnich zdrojich ap.) a redukce pfibuzenského kfizeni (inbreeding) (Verhulst et al. 1997,
Berthold 2001, Hansson ef /. 2002a, Hansson ef al. 2002b, Calabuig ez a/. 2008). Zda se, ze
strnad rakosni se pfiklan{ k vyhodam fidelity a vykazuje nizkou filopatrii. Tento jev se odrazi
nejen v podminkach jihoceskych rybnika, ale na celém nasem dzemi, jak dokladaji udaje ze
zpétnych hlaseni shromazdénych Krouzkovaci stanici Narodntho Muzea v Praze (Musilova
2008). Vzhledem k tomu, Ze strnad rakosni patif mezi druhy, které pfilétaji na sva hnizdisté
brzy na jafe a poté tvoii potravni hejna (viz vyse), zabyvali jsme se v Kapitole II. kromé
faktort ovlivujicimi fidelitu také faktory ovliviiujicimi obsazovani teritorii po rozpadu
téchto hejn. Predpokladali jsme nizky vliv télesné hmotnosti pfi obsazovani teritorii z dvodu
intenzivntho krmen{ v pfedhnizdni dob¢. Dale jsme pfedpokladali propojeni mezi dspésnosti
pii obsazeni teritoria a fidelitou v nasledujicich letech. Jedinci, kteff jsou schopni obsadit
optimalni biotop, se ho budou pravdépodobné snazit ziskat i v nasledujicich letech. Vliv
hnizdni aspésnosti na fidelitu v nasledujicich letech jsme testovali u jedinct, jejichz hnizda se

podafilo nalézt, pficemz jsme ocekavali niz$f fidelitu v pfipadé neuspésného hnizdéni.



Ocekavané propojeni mezi uspésnym obsazenim teritoria a nasledujici fidelitou se
potvrdilo, a to pfedevsim u samct. Rozdil mezi pohlavimi byl zaznamenan také u navratnosti
v nasledujicich letech, kdy castéji kontrolovani byli opét samci, coz dokladaji i mnohé studie
(napft. Solonen 1979, Pratt & Peach 1991, Kristin ez a/. 2007, Sedlacek & Fuchs 2008, Vadasz
C. et al. 2008, Schlossberg 2009). Nizsi fidelitu samic si vysvétlujeme jejich vyssi mortalitou,
jez muze byt zpusobena vycerpanim béhem reprodukce zvySujici se s moznosti opakovaného
hnizdén{ béhem jednoho roku (Lack 1954, Benett & Owen 2005). Zajimavy vysledek
pfineslo testovani faktor ovliviiujicich aspésnost pifi obsazovani teritorii. Potvrdil se viznam
se ukazali star${ samci. Dvouleti samci jsou tedy pravdépodobné vytla¢ovani do méné
vyhodnych biotopt (Greenwood & Harvey 1982) a jejich Sance na obsazeni optimalniho
teritoria se naskyta az po ziskani zkusenosti (Part 2001). Dale jsme nepotvrdili vztah mezi
reprodukéeni uspésnosti a fidelitou, coz je v rozporu s obecnym predpokladem sniZeni fidelity
po netspesném hnizdéni (Harvey ez al. 1979, Howlett ef al. 2003, Wesotowski 2006, Johnson
& Walters 2008, Berkunsky & Reboreda 2009). Domnivame se, ze nedostatek hnizdnich
moznosti na sledovanych lokalitach, a tedy vysoka kompetice mezi samci, vede k tomu, ze na
sledovanych lokalitach tento obecny pfedpoklad neplati. Podporu pro toto tvrzeni 1ze hledat
1 mezi dal$imi studiemi, které zminény vztah nepotvrdily (Gavin & Bollinger 1988, Haig &
Oring 1988, Payne & Payne 1993, Pyle et a/. 2001, Shutler & Clark 2003, Hallworth e al.
2008) a predpokladaji nizsi vliv reprodukéniho dspéchu na fidelitu v optimalnich biotopech,
které jsou okupovany v kazdém pfipadé¢ (Greenwood 1980, Newton 2008).

Tato studie doklada propojeni mezi obsazovanim teritorii v téze sezoné a fidelitou
v nasledujicich letech. Oba jevy jsou limitovany nedostatkem vhodnych teritorii u samcd,
u samic pak hraje vyznamnou roli vyssi mortalita. Samci a samice se pravdépodobné lisi ve
své life-history rozdilnym vékem pfi prvnim zahnizdéni. Velkd kompetice a nedostatek
hnizdnich habitatd, které jsou okupovany pfevazné viceletymi zkuSenymi samci, odhaluje

klicovou roli fragmentovanych rybni¢nich biotopt pro tento studijni druh.
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WAl those who have attended to the subject, believe that there is severest rivalry

between the males of many species to attract by singing the females.
Charles Darwin 1859. On the Origin of Species. 1st Edition, pp 88—89

Ptaci zpév ma nepochybné dvé hlavn{ funkce. Intrasexualni funkce se uplatiuje pfi obrané
teritoria pfed ptipadnymi vetfelci stejného pohlavi (wale-male competition), naopak intersexudlni
funkce zpévu slouzi k nalakani samic a jejich stimulaci k hnizdén{ (wate choice). Nezbytnym
pfedpokladem pro posouzeni kvality samce pomoci zpévu, pokud jej hodnoti soupef nebo
samice, je nutna narocnost a tedy tzv. ,,Cestnost (homesty) tohoto signalu (Zahavi 1975,
Grafen 1990). Tyto pozadavky zpév spliuje, nebot’ je znacné energeticky narocny a odrazi
rozdily v raném obdobi vyvoje samce (Nowicki e a/ 1998). Zpév zaroven odrazi komplexni
obraz reprodukcniho chovani, ktery je vysoce variabilni napfi¢ jednotlivymi druhy. Pfi obou
tunkcich zpévu se uplatiuji specifické parametry (Marler & Slabbekoorn 2004). Lze je
rozdélit do ¢tyf hlavnich kategorii: celkovy vykon pfi zpévu (song output), komplexita zpévu
(song complexity), konkrétni prvky (local song structure) a vlastni provedeni zpévu (vocal
performance), viz napf. Marler & Slabbekoorn 2004, Searcy & Nowicki 2005. Pouziti
konkrétnich parametri se mezi jednotlivymi druhy lisi, pficemz muze vnitrodruhové
dochazet i kjejich kombinaci (Marler & Slabbekoorn 2004). Intenzita provedeni prvni
kategorie, ktera konkrétné¢ predstavuje celkové mnozstvi vyprodukovaného zpévu béhem
jednotky casu (somg rafe), v naprosté veétSiné pifipada pozitivné koreluje s dspésnosti
konkrétntho jedince pfi lakani samic i obhajob¢ teritoria. Samice pfi parovani jednoduse
preferuji samce, kteff zpivaji s veétsi intenzitou (napt. Radesiter e¢f al. 1987, Eens ez al. 1991,
Collins ¢/ al. 1994). Cestnost tohoto signdlu je spojovana s energetickou naro¢nosti jeho
provedeni. Song rate mtize také nartstat s dostupnosti potravy (Gottlander 1987).

Vhodnym modelovym druhem pfi studiu saméitho zpévu a jeho funkce je strnad
rakosni (Emberiza schoeniclus). Bylo zjisténo, Ze samci tohoto druhu pouzivaji razné typy
zpévu. Pokud je samec nesparovany, coz znamena, ze samici se mu jesté nepodafilo ziskat
nebo o ni pfidel, pouziva tzv. rychly typ zpévu (I.). Sparovany samec zpiva tzv. pomalym

typem zpévu (II.) (Nemeth 1996). Pomaly zpév muze mit kontinualni prabéh, kdy vznika
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tieti typ zpévu (IIL). Dochazi tedy ke zvySeni intenzity zpévu (somg rate). S velkou
pravdépodobnosti se v ptipadé tfettho typu zpévu jednd o cestny signal kvality, ktery se
uplatiuje pii lakani samic. Tento fakt byl zjistén pii studiu mimoparové paternity (Suter ef al.
2009). Béhem inkubace a krmeni mladat byl navic zkouman tzv. ,all-clear signal, ktery
slouzi k nesexualni akustické komunikaci mezi zpivajicim samcem a inkubujici samici.
Samice, ktera sedi na vejcich nebo krmi mlad’ata, se muaze bezpecné vzdalit, aniz by ohrozila
hnizdo prozrazenim, nebot’ samec zpivajici pobliz hnizda signalizuje, ze nehrozi zadné
nebezpecdi (Wingelmaier ez /. 2007). Tii typy zpévu strnada rakosniho, kromé ,all-clear*
signalu, byly definovany na zaklad¢ analyzy hlasovych nahravek (Nemeth 1996, Suter ef al.
2009).

Zminéné typy zpévu tedy s velkou pravdépodobnosti slouzi pravé pii mate choice
(Nemeth 1996). Priklanime se k tomuto tvrzeni, nebot’ podle nasich nepublikovanych dat se
pii samci kompetici (wale-male competition) projevuje tzv. overlapping. Atakujici samec se snazf
vlastnim zpévem piekryt soucasné zpivajictho samce (Dabelsteen ef a/ 1996). Momentalni
zpusob zpévu urceny samicim zfejmé neni pii prekryvani (overlappingn) piekazkou (nepubl.
data), v tomto pfipadé zpév samct plni svoji dualni funkeci (Marler & Slabbekoorn 2004,
Searcy & Nowicki 2005). Nas ovsem zajimala pfedevsim intrasexualni funkce zpévu samct.
V kapitole IIL. jsme se zabyvali nacasovanim raznych typa zpévu strnada rakosniho
v prubéhu hnizdni sezony a vztahem mezi témito typy zpévu a ruznymi fazemi hnizdéni
(ptedhnizdni obdobi, tyden pfed snesenim prvnfho vejce, obdobi snaseni vajec, inkubace,
krmeni mlad’at v hnizdé, krmeni vylétlych mlad’at, vice nez dva tydny po vyvedeni mladat,
predace nebo opusténi snasky) a poctem obsazenych teritorif na lokalité. Pfedpokladali jsme
narust III. typu zpévu (Cestného signalu kvality) ve fertilni fazi samice (tyden pfed snesenim
prvniho vejce a obdobi snaseni vajec) a naopak pokles tohoto typu v dobé inkubace a krmen{
mlad’at v hnizdé a naopak narast typu II. Pifedpovidali jsme tedy, ze ,,all-clear” nesexualni
signal samici v dob¢ inkubace a krmeni mladat bude nalezet zpévu typu Il (sparovany
samec).

Pii analyze nahravek jsme zjistili, ze v prabéhu hnizdni sezony neni zadny vyrazny

trend v pouziti tfech typt zpévu. Toto zjisténi patrné souvisi s neobvyklou délkou hnizdni
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sezony (bfezen az cervenec) a pomeérné zanedbatelnou synchronizaci hnizdicich para
v dusledku moznosti ndhradntho hnizdéni (viz kapitola I). Naopak v prub¢hu jednotlivych
hnizdnich fazi se typy zpévu vyznamné lisily. Potvrdili jsme funkei rychlého a pomalého
zpévu podle Nemetha (1996), pficemz zpév nesparovanych samci se vyskytoval
v pfedhnizdnim obdobi, ve stadiu samostatnych mladat a v pfipadé predace nebo opusténi
snasky. Ve vSech téchto piipadech lze spekulovat o absenci samice v teritoriu samce. Pfi
predaci nebo opusténi sntisky se mohlo dokonce jednat o jeji uhynuti. V ostatnich fazich, kdy
bylo mozné prokazat hnizdéni a tedy pfitomnost samice, nebyl zjistén jediny zaznam
rychlého zpévu samce. Kontinualni zpév trettho typu (signal kvality) pfevazoval v obdobi
pfed snesenim prvniho vejce, kdy dochazi ke kopulacim (Marthinsen et al. 2005). Piekvapivé
ovSem bylo zjisténi, kdyz jsme porovnali podil typu zpévu II. a III. ve fertilni fazi samice
a poté pfi inkubaci a krmeni mladat. V obou obdobich byl tento podil vyrovnany. Nedoslo
tedy k poklesu zpévu tfetiho typu, ktery slouzi k lakani samic a narastu zpévu druhého typu,
ktery mél plynule pfechazet smérem ke komunikacni nesexualni funkci ,,all-clear® signalu
(Wingelmaier e al. 2007). Vzhledem k tomu, Ze u strnada rakosnfho byl zjistén v ramci péveta
pomérné vysoky podil mimoparové paternity (Dixon et al. 1994, Bowmann & Komdeur
2005, Bowmann & Komdeur 2006, Kleven & Lifjeld 2005), domnivame se, ze zpév tfettho
typu v dobé inkubace slouzi pfedevsim k nalakan{ samic z okoli k mimoparovym kopulacim.
Tuto domnénku potvrzuje i narast typu zpévu III. na lokalitach s vyssim poctem obsazenych

teritorii, a tedy lepsi podminky pro zvysen{ fitness samce pomoci mimoparové paternity.
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Abstract

Nest site selection was analysed using variation in timing of breeding, nesting success and age of
females in the Reed Bunting in fishpond habitats in mosaic Central European landscape. In total,
we monitored 130 nests with 38 known females on five fishponds in South Bohemia, the Czech
Republic, in 2000-2009. In order to determine the effects of breeding parameters on nest site
selection, we formulated generalized linear models and estimated daily nest survival using
program MARK. First-egg laying date was significantly associated only with type of vegetation
and maximal height of vegetation. Moreover, mean height of vegetation and proportion of
previous year vegetation seem to be constant during the whole breeding season. Nest fate was
explained by proportion of previous year vegetation. The effect of laying date on nesting success
or daily nest survival was not confirmed. We found out that older females laid eggs earlier and
located the nests in lower vegetation than young ones. In addition, young females prefer sedge,
while older females prefer Wood Small-reed Camagrostis epigeios and Reed Canary Grass

Phalaris arundinacea for a nest location.
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Introduction

Littoral stands of fishponds and lakes are occupied by a limited number of passerine species in
Western Palearctic. Individual species inhabiting fishpond landscape can use various littoral
vegetation differing in height, density and other structural parameters of wetland plant
communities (Musil et al. 1996, van Vessem et al. 1997, Baldi & Kisbenedek 1999).

The spatial distribution of bird species is closely related to the habitat requirements of the
species (Baldi et al. 1998) and reed-nesting passerines respond individually to the spatial
structure of reedbeds (Leisler 1981, Baldi & Kisbenedek 1999). The pattern of the dispersion of
these species across reedbeds is in accordance with their ecomorphology (Leisler 1975, Leisler et
al. 1989). Among Reed Warblers Acrocephalus spp., individual species differ in preference of
various height of vegetation and various water level (Leisler 1981, Martinez-Vilalta et al. 2002).

An example of habitat generalist using variable types of littoral vegetation is the Reed
Bunting Emberiza schoeniclus, which occupies a wide scale of wetlands habitats (Bliimel 1989,
Cramp & Perrins 1994, Glutz von Blotzheim and Bauer 1997, Baldi & Kisbenedek 1999).
Moreover, this species is able to expand to agricultural country (Siriwardena et al. 2000),
probably due to inclination to drier wetland habitats (Martinez-Vilalta et al. 2002, Grujbarova et
al. 2005). Nest site selection may be similar throughout a species range or it could reflect habitat
availability or constraints on nesting success among regions (Gjerdrum et al. 2005). Nevertheless,
habitats generalists are supposed to be capable of not only occupying a wider range of habitats,
but also exploring a wider range of resources (Brown 1984) including nest sites. The
determinants of nest site selection and their subsequent consequences for nesting success are not
straightforward and this information could be important for guiding management activities

(Gjerdrum et al. 2005).
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We predicted that individuals with higher fitness are able to occupy optimal nest sites
(Benett & Owens 2005). We can identify individual fitness using the following parameters:
timing of breeding, nesting success and age of individuals. Survival and probability of
recruitment are usually higher for early-hatched fledglings than for those hatched later (Lack
1968, Perrins 1970, Benett & Owens 2005). Reproductive success of older birds is generally
higher than of the young ones (Curio 1983, Geslin et al. 2004). Poorer performance of young
breeders could be explained by age-related enhancement of reproductive success, which can be a
consequence of long-term optimisation of reproduction with minimisation of first-time
investment. Moreover, lower reproductive success of young breeders is often related to a lack of
breeding skill (Curio 1983).

The main aim of this study is to assess the effect of nest-site selection on variation in
breeding performance (timing of breeding, nesting success and age of females) in the Reed
Bunting Emberiza schoeniclus. We evaluate habitat preference and optimal breeding habitat
using differences in timing of breeding, nesting success and experience of breeding females.
Moreover, we try to assess the possible impact of habitat degradation on occurrence of the Reed

Bunting in South Bohemian fishpond area.

Methods

The Reed Bunting is a small, short-distance migratory, sexual dimorphic, granivorous passerine
that breeds on the ground in open wetland habitats (Hudec 1983, Bliimel 1989, Cramp & Perrins
1994). Therefore, it shows highly fragmented (patched) distribution in Central European
Landscape. Males arrive in the Czech Republic at the end of February or the beginning of March,
a few days before females. Even though socially monogamous species, Reed Buntings show a

high level of extra-pair paternity (Dixon et al. 1994, Bowmann & Komdeur 2005, Bowmann &
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Komdeur 2006, Kleven & Lifjeld 2005). They are able to breed usually twice during one
breeding season (e.g. Bliimel 1989, Gliitz von Blotzheim & Bauer 1997). According to our
observation, re-nesting usually follows an unsuccessful breeding attempt.

The study was carried out on fishponds in South Bohemia (Jindfichtiv Hradec district, the
Czech Republic) located close to Kardasova Regice town (49°11°— 49°13” E, 14°51°-14° 54’ N,
443-480 m a.s.l.) (four fishponds: Hejtmankd — 1.6 ha, Spitalsky — 5.9 ha, Obecni — 10.3 ha, and
Slechttiv ponds — 5.6 ha) and close to LuZnice village (Cerni¢ny fishpond - 49°05” E, 14°45° N,
42.6 ha, 425 m a.s.l.). Reed Buntings occupy the edge of fishponds dominated by Phragmites
australis, Typha angustifolia, Phalaris arundinacea, Glyceria sp. and Calamagrostis epigeios.
Trees and bushes are mainly composed of Salix alba and Alnus glutinosa in the study area (for
more details of the habitat see Janda et al. 1996). Particular fishponds were isolated without
wetlands corridors, surrounded by mixture of forest patches, fields and villages. The number of
occupied territories varied between 2 and 9 breeding pairs on individual fishponds.

In total, we monitored 130 nests of the study species in 2000 — 2009. Nests were found
with the use of a systematic searching of the focal area or monitoring of feeding parents. Nests
were discovered at various stages of development, including nest building, incubation and brood
rearing and were repeatedly controlled. The following components of each brood were recorded:
a) date of first egg laying (assuming one egg laid per day), b) the day of the nesting season on
which the nest was found, c) the last day the nest was checked when alive, d) the last day the nest
was checked, e) the fate of the nest (success vs. failure) (Cooch & White 2009). The date of
failure was estimated as mid-point between the date when the nest was last controlled to be active
and the date on which was found the nestlings to have left the nest or to have failed. When
nestling age was not known accurately from observation of hatching, it could be estimated by

comparing the degree of development (feather, weight, body measurement) with known-age
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broods. Age estimates allowed back-calculation of first egg date for the nest, assuming 13-day
incubation period and 2-day hatching period, depending on clutch size (Bliimel 1982, Hudec
1983, Okulewicz 1989, Cramp &Perrins 1994, Gliitz von Blotzheim & Bauer 1997).

The following environmental parameters were recorded close to the nest: vegetation
structure, maximal and mean height of vegetation, proportion of last year vegetation (in %),
distance from open water an the nearest tree, height of the nest above ground, proportion of trees
(in distance of 10m around the nest) and finally, estimation of visibility of the nest. Vegetation
was separated in four types using dominance species (Reed Canary Grass Phalaris arundinacea,
sedges Carex spp., Wood Small-reed Calamagrostis epigeios and Common Reed Phragmites
australis).

Our research activities were carried out during the breeding season from March to the
beginning of July of 2000 to 2009. Adult caught Reed Buntings were marked using unique
individual combination of colour rings (Ecotone). Moreover, all birds were ringed with
aluminium rings of the National Museum Prague. Age was categorised as 2 years or older (2K
and +2K in the Euring system) (Bub 1985, Svensson 1992). Accuracy of the age determination
was verified by long-term ringing and recovery of individually marked birds.

In order to analyse first-egg laying date and nest fates, we formulated generalised linear
models (GLZ, binominal distribution, logit-link function), in which laying date and breeding
outcome was included as the response variable. Parameters of nest site (see above) were
considered as potential explanatory variables. Differences in timing of breeding in particular
years were significant (ANOVA: F (7, 118) = 2.2029, p < 0.05). We use relative first-egg laying
date (i.e. first-egg laying date of individual clutch — median of first-egg laying date in particular
year) in aim to eliminate the effect of variable climatic condition of particular years on timing of

breeding.
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In order to determine whether age of females was associated with nesting success, laying
date and nest site parameters (see above), we formulated generalised linear models (GLZ,
binominal distribution, logit-link function), with the age of females as the response variable.
Nesting success, laying date and nest site parameters were considered as potential explanatory
variables.

We used program MARK 2.1 (White & Burnham 1999) to model daily survival rate
(DSR) across the 25-day nesting period and across the 92-day breeding season (Dinsmore et al.
2002, Cooch & White 2009). We used all nest-site variables (see above) and first-egg laying date
as additive covariates in the models of daily nest survival. We use logit-link function to force all
estimates of DSR to the interval (0, 1) (Lebreton et al. 1992). Akaike’s Information Criterion
(AICc) was used to select the best approximating model and differences in AlICc between models
were also calculated (AAICc). A total of 7 candidate models were based on questions of interest
(Cooch & White 2009). The model with the lowest value of AICc was considered the most
parsimonious explanation for the data. Models were equally parsimonious if the difference in
AlCc from the best fit model was <2 (Burnham & Anderson 2002). Currently, there is no

goodness-of-fit test for nest survival data in MARK (Cooch & White 2009).

Results

First-egg laying date was significantly associated with type of vegetation and maximal height of
vegetation using the GLZ model (Table 1). Laying date was later for nests located in Reed
Canary Grass (25" May+22 days) than in sedges (12" May+15 days), Wood Small-reed (13"
May+17 days) or Common Reed (4th May+8 days). Similarly, maximal height of vegetation was
positively related to laying date. No significant interaction was found between first-egg date and

mean height of vegetation, proportion of previous year vegetation, distance of open water and the
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nearest tree, proportion of trees in 10m circle, height of the nest above ground and the visibility
of the nest (Table 1).

Nest fate of individual nests was explained significantly only by proportion of previous
year vegetation surrounding the nest using the GLZ model (Table 2), while the effect of the
remaining environmental variables was not significantly correlated. Nests with equal proportion
of previous year and current year vegetation were more successful than nests with majority of
previous year vegetation (Fig. 1). The effect of the laying date on individual breeding success
was not confirmed.

Daily nest survival for Reed Bunting, calculated as constant over the 25-day nesting cycle
and over the 92-day breeding season, was 0.97+0.01 (95% CI 0.95-0.98). The best model for
daily nest survival with the lowest AICc included only an intercept for DSR (Table 3.). Models
that included variation in vegetation type, distance from edges (open water, nearest tree) and
proportion of trees, proportion of previous vegetation, mean height of vegetation and nest height,
first-egg laying date and nest visibility had low support (Table 3).

When isolating nests with females of known age, we analysed the effect of female age on
laying date, breeding success and parameters concerning location of the nest (see above for
details), using the GLZ model. Age of females was significantly associated with first-egg date,
type of vegetation and mean height of vegetation surrounding the nest, while the relationship
between female age and breeding success was not confirmed (Table 4). The remaining
parameters of nest location were not related to female age. Older females laid eggs earlier than
young ones (age 2 year: 17" May+ 13 days, age > 2 year: ot May+17 days, n = 38), see figure 3.
Young females prefer sedge, while older females prefer Wood Small-reed and Reed Canary

Grass for a nest location. Older females locate the nests in lower vegetation than young females

(Fig. 3).
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Discussion

According to our study, Reed Bunting females tend to occupy nest sites with similar
environmental parameters (except maximal height of vegetation) during the whole breeding
season. Moreover, we can emphasise the importance of unchanging proportion of previous year
vegetation and mean height of vegetation despite quick grow up of wetland plants. This fact
could confirm a necessity of female’s view from the nest and her possible escape from potential
predator or potential nest defence decision (Curio 1978, Halupka & Halupka 1997). The effect of
vegetation type on laying date and preference of Reed Canary Grass later in breeding season
supports female’s tendency to occupy an even height of vegetation during the whole breeding
season. Reed Canary Grass is the lowest among investigated vegetation types and it is usually
destructed after winter season. In addition, we can assume that females attempt to minimise the
effect of timing on breeding performance using unchanging microhabitat of the nest site.

Generally, in migrant birds arrival date to the breeding ground affects the start of egg-
laying (Sandberg & Moore 1996, Wesotowski &Maziarz 2009). In this case, we can exclude the
effect of arrival date on timing of breeding. Reed Bunting represents an early-arriving species
(Newton 2008), forming flocks after the arrival due to an intensive feeding and an improvement
of body condition after migration (Musilova et al. 2010). On the contrary, food availability could
positively affect timing of breeding (Barlein 1996, Thibault & Villard 2005, Newton 2008).

We did not confirm any significant effect of nest site parameters on individual nesting
success except a negative effect of higher proportion of previous year vegetation. An important
parameter affecting nesting success could be nest visibility, which is related to vegetation density
(Martin 1995, Clark & Shutler 1999). Moreover, Brickle & Peach (2004) showed that survival of
nests at the egg stage was positively related to the extent of nest concealment. Lesser density of

previous year vegetation could facilitate movement of mammalian predators (Martin 1993).
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Gjerdrum et al. (2005) explain the lack of strong relationship between habitat and nest success by
claiming that nest site selection is sufficiently effective and most birds simply avoid building
nests in an unsuitable habitat. Correspondingly, Bradbury et al. (2000) did not confirm
differences in breeding success between two farm types in the Yellowhammer in Britain. On the
contrary, Arriero et al. (2006) showed the effect of habitat structure on Blue Tit reproductive
success in Mediterranean forest type. Also Knutson et al. (2004) showed a significant effect of
environmental variables on daily nest survival of forest passerines in fragmented forests in
Minnesota.

Moreover, we did not confirm any significant effect of timing of breeding on breeding
success as well as on daily nest survival. This is in contrast with the general expectation that
timing of breeding is a critical parameter for reproductive success due to food supply, re-nesting
or prompt development of nestlings (e.g. Perrins 1969, Perrins 1970, Owen & Black 1990,
Gjerdrum et al. 2005). Nevertheless, no effect of timing on reproduction success as well as daily
nest survival support the finding of female’s effort to minimise this impact (see above) due to
extended breeding season. Yom-Tov (1992) showed that Reed Bunting is the earliest breeder,
followed by the Yellowhammer and the Corn Bunting. Moreover, short-lived open nesting
passerines like Reed Bunting can usually produce several breeding attempts in a year, but
predation on the eggs and chicks is often heavy and many nests fail. Individual breeding outcome
is therefore highly variable (Newton 1992). Therefore, we assume that reproduction success is
unpredictable in this study habitat.

For the Reed Buntings in our study, older females laid their eggs earlier than young ones
and preferred lower vegetation while young females preferred sedge. Earlier breeding outset of
experienced passerine females was confirmed in several studies (Harvay et al. 1985, Dhont 1989,

Geslin at al. 2004) and our findings seem to follow this general pattern. On the other hand,
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Garamszegi et al. (2004) showed that late-breeding older females of Collared Flycatcher are able
to realise similar reproductive success to that of early breeding young females. We expected that
older Reed Bunting females tend to breed earlier due to the higher possibility of re-nesting. This
species, open nesting on the ground, could be associated with “fast” life-histories, which mean
fast development, high fecundity and following low survivorship of the birds (Lack 1968, Rowe
et al. 1994, Benett & Owens 2002). Moreover, life history theory predicts that the cost of
reproduction has important effects on subsequent performance reducing female fitness.

Older females locate their nests in lower vegetation, which could indicate higher
importance of lower vegetation due to previous experiences of older birds. Older females also
avoided sedge, as a native vegetation species more frequently flooded, probably due to protecting
nest against flooding. Okulewicz (1989) showed that sedges were the most preferred vegetation
types in Southwest Poland. The same finding confirms also Hudec (1983) in Czechoslovakia. In
our study area, management practices such as dredging, manuring and summer draining have
caused marked changes in the composition of wetland plant species. Both the area and species
richness decreased for reed vegetation (represented by stands of the common reed and tall
sedges) and some types of soft littoral vegetation have expanded. Moreover, the majority of
sedge species are retreating and e.g. Reed Canary Grass quickly invades free niches (Janda et al.
1996, van Vessem 1997). Preference of less native vegetation species in experienced females
could indicate better sense of direction across suitable microhabitat of the nest site.

Females use unchanging microhabitat of the nest site despite the relative wide range of
habitat requirements. It could be in accordance with findings of Passineli et al. (2008) that small
wetland fragments are equally suited as breeding grounds for the Reed Bunting as large ones. Our
study indicate that Reed Bunting could be less sensitive to habitat changes and degradation in

contrast to more specialised reed-nesting passerines due to plasticity of female’s nest site
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selection across various vegetation type. Moreover, we can find connection with trend in numbers
of this wetland species. There is a stable population trend in the Czech Republic in contrast to
decreasing Warblers (Acrocephalus and Locustella) (Musil 1999, Musil 2000, Stastny et al.
2006). On the contrary, decreasing trend of this species was recorded in some Western European
countries, e.g. Great Britain, Belgium and France (Birdlife International 2004), where Reed
Buntings are apparently related to agricultural landscape more then to natural wetland habitats

(Gregory & Baillie 1998, Siriwardena et al. 2000).
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Table 1. Result of the GLZ model to explain the variation in relative first-egg laying date

depending on nest site parameters (type of vegetation, maximal and mean height of vegetation,

proportion of previous year vegetation, distance from open water and the nearest tree, height of the

nest above ground, proportion of trees in circle 10m around the nest and visibility of the nest

(n=109).

Effect CHi-square df P-value
Type of vegetation 15.29 3 <0.01
Mean height of vegetation 1.26 1 0.26
Maximal height of vegetation 4.06 1 <0.05
Previous year vegetation (%) 0.36 1 0.55
Distance of open water 0.91 1 0.34
Distance of the nearest tree 0.09 1 0.77
Proportion of trees (%) 0.55 1 0.46
Height of nest above ground 2.43 1 0.12
Visibility (%) 0.17 1 0.68
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Table 2. Result of the GLZ model to explain the variation in nesting success depending on
relative first-egg laying date and nest site parameters (type of vegetation, maximal and mean
height of vegetation, proportion of previous year vegetation, distance from open water and the
nearest tree, height of the nest above ground, proportion of trees in circle 10m around the nest

and visibility of the nest (n=107).

Effect CHi-square df P-value
Timing of breeding 0.02 1 0.90
Type of vegetation 3.72 3 0.29
Mean height of vegetation 0.05 1 0.83
Maximal height of vegetation 2.54 1 0.11
Previous year vegetation (%) 4.75 1 <0.05
Distance of open water 0.49 1 0.48
Distance of the nearest tree 0.13 1 0.72
Proportion of trees (%) 0.002 1 0.96
Height of nest above ground 0.08 1 0.77
Visibility (%) 0.67 1 0.41

41



Table 3. Summary of model selection results for the daily survival rate of Reed Bunting (n=38).

Model np AlCc AAICc AlCc weight Deviance
S. 14 170.43 0.00 0.86 141.91
Sveqet. type 4 175.55 5.12 0.07 167.50
Sedae 4 177.74 7.31 0.02 169.69
Sprevious veget. 2 177.78 7.35 0.01 173.77
Sveg height + nest height 3 179.90 9.47 0.01 173.87
Shay. date 2 181.69 11.27 0.00 177.68
Syisibility 2 181.77 11.36 0.00 177.77

AICc = Akaike’s information criterion, AAICc = differences between that model and the model with the lowest

AICc, np = number of parameters.
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Table 4. Result of the GLZ model to explain the relationship between female age and nesting
success, relative laying date and nest site parameters (type of vegetation, maximal and mean
height of vegetation, proportion of previous year vegetation, distance from open water and the
nearest tree, height of the nest above ground, proportion of trees in circle 10m around the nest

and visibility of the nest) n = 38.

Effect CHi-square df P-value
Timing of breeding 7.03 1 <0.01
Breeding success 0.01 1 0.91
Type of vegetation 13.22 3 <0.01
Breeding success*Type of vegetation 1.26 2 0.53
Mean height of vegetation 7.29 1 <0.01
Maximal height of vegetation 0.06 1 0.81
Previous year vegetation (%) 0.10 1 0.76
Distance of open water 0.01 1 0.91
Distance of the nearest tree 0.004 1 0.95
Proportion of trees (%) 0.50 1 0.48
Height of nest above ground 0.54 1 0.46
Visibility (%) 0.21 1 0.65
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Figure 1. Nesting outcome in relation to proportion of previous year vegetation.
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Figure 2. Relative first-egg laying date of young and older females.
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Figure 3.

Mean height of vegetation surrounded nest in young and older females.
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Summary

Capsule The highly fragmented fishpond landscape in South Bohemia provides an important
breeding habitat for Reed Buntings Emberiza schoeniclus (early-arriving species, forming flocks
in pre-breeding season).

Aim To investigate the relationship between territory settlement and site fidelity of the target
species and to analyse factors affecting settlement and fidelity patterns.

Methods In total, 270 colour marked individuals were investigated on five fishponds in South
Bohemia, the Czech Republic, in 2000-2009. We used model selection to test the effect of
individual covariates (sex, age, weight and body measurements) on apparent survival and
recapture probabilities of Reed Bunting adults.

Results There is a correlation between territory settlement and site fidelity. Older males were
more frequently re-sighted in the study area during the year of banding. Moreover, males were
more frequently recovered in subsequent breeding seasons. The effect of body measurement as
well as body weight did not appear evident. The effect of breeding performance on site fidelity in
previous breeding seasons was not confirmed.

Conclusion This study provides evidence that there is a connection between territory settlements
and site fidelity in the early-arriving Reed Bunting species. Site fidelity and territory settlement is
probably limited by occupancy of suitable sites by males and high mortality in females most
likely caused by an extended breeding season in the study area. Moreover, territory settlement,
and marginally, site fidelity is associated with the previous experience of the males. Forming pre-
breeding flocks probably provides addition of nutrition reserves after spring arrival. High
competition in males and lack of suitable breeding habitats, due to occupancy by older residents,
indicated crucial importance of small fragmented wetlands to this study species in this particular

area.
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Introduction

Individuals of many bird species tend to use the same breeding areas and the same territories in
successive years (Berthold 2001, Newton 2008). Site fidelity is widespread in passerine birds,
with adults returning to the same area to breed, presumably for as long as they survive
(Greenwood & Harvey 1982, Klemp 2003). In general, species with high site-fidelity to the
breeding areas show low hatching-site fidelity, presumably because the juveniles are forced to
disperse far afield by the dominant adults (Berthold 2001).

There are obvious benefits to a bird returning to the same breeding territory each year,
providing conditions permit. Individuals can benefit from local knowledge or familiarity that
might give a bird an advantage in a competitive interaction with other individuals. This behaviour
makes the birds better able to defend its feeding and breeding sites against potential intruders.
Birds may also profit from previous knowledge of food availability and refuges (Greenwood
1980). The benefits of local experience and local adaptation, acting at the level of individuals,
could be the main selective forces underlying site fidelity in birds (Berthold 2001, Newton 2008).

Conversely the advantage of dispersal is that birds can leave areas where conditions are
poor or overcrowded to find somewhere better (Greenwood 1980, Verhulst et al. 1997, Berthold
2001, Hansson at al. 2002a, Hansson et al. 2002b, Calabuig et al. 2008). Another advantage of
dispersal is that it could reduce inbreeding (e.g. Greenwood et al. 1978, Bauer 1987, Hansson et
al. 2002a).

We can summarize these main pattern that affect site fidelity in birds: sex differences in
fidelity within species with male biased return rates (e.g. Solonen 1979, Greenwood 1980, Payne
& Payne 1993, Verhulst et al. 1997, Schlossberg 2009); a tendency for greater fidelity in later life
(e.g. Greenwood & Harvey 1982, Part 2001, Winkler et al. 2004, Vergara et al. 2006) and a

greater tendency to change territories after a breeding failure (e.g. Harvey et al. 1979, Haas 1998,
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Schjerring et al. 2000, Sedgwick 2004). In addition, some birds change territories immediately
after arrival, in response to local food depletion or other factors that are likely to reduce breeding
success (Newton 2008).

Individuals are under pressure to return to breeding sites early, in order to gain precedence
in competition for them (Hopp et al. 1999, Klemp 2003, Sergio & Newton 2003, Tryjanowski et
al. 2004, Sergio et al. 2007, Newton 2008). Generally, later arriving species seem to settle
directly in their territories, especially those returning to territories of the previous year.
Conversely, among the early-arriving species, individuals tend to concentrate in particular places
where food is available on arrival. Their numbers are probably higher than the number of
potentially suitable territories available in the area. These pre-breeding sites are important in
improving the birds body condition (Newton 2008). Factors affecting site fidelity were analysed
especially in later arriving long-distance migrants (e.g. in European migratory passerines: Red-
backed Shrike - Simek 2001, Great Reed Warbler - Bensch & Hasselquist 1991, Hansson et al.
2002a, 2002b, Lesser Grey Shrike - Kristin et al. 2007, Common Redstart - Sedlacek & Fuchs
2008). However, empirical evidence and lack of empirical research affecting territory acquisition
after the break-up of flocks in early-arriving species and simultaneously the relationship between
territory settlement and site fidelity are limited (Newton 2008).

We investigated patterns in territory settlement and site fidelity in the Reed Bunting
Emberiza schoeniclus, as an example of early-arriving species forming flocks in the pre-breeding
season (Bliimel 1989, Cramp & Perrins 1994, Glutz von Blotzheim and Bauer 1997) using
apparent survival and recapture probabilities. Among investigated variables associated with
territory settlement, we predicted lower effect of body weight due to intensive feeding of
migrants during pre-breeding period. Furthermore, we assume that the probability of territory

settlement and site fidelity in individual birds is correlated. The best quality individuals, who are
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able to occupied a territory at optimal breeding sites (Sergio & Newton 2003, Sergio et al. 2007),
can show higher probability of site fidelity in subsequent years. In addition, we examined site
fidelity in relation to breeding performance in a sample of birds with known nests. We expected

lower site fidelity in subsequent years, when individuals fail to fledge their young.

Methods

The Reed Bunting is a small, short-distance migratory, sexual dimorphic, granivorous passerine
that breeds on the ground in open wetland habitats (Cramp & Perrins 1994, Glutz von Blotzheim
& Bauer 1997). Consequently it displays highly fragmented (patchy) distribution pattern
throughout Central Europe. Males arrive in Czech Republic at the end of February or the
beginning of March, a few days before the females. They are usually able to breed twice during
one breeding season (e.g. Blimel 1989, Glutz von Blotzheim and Bauer 1997). Moreover, re-
nesting usually follows an unsuccessful breeding attempt (Musilova unpubl. data).

This study was carried out in near by fishponds in South Bohemia (district Jindfichiv
Hradec) located close to KardaSova Retice (49°11°— 49°13” E, 14°51°-14° 54’ N, 443-480 m
a.s.l.) (four fishponds: Hejtmanki — 1.6 ha, Spitalsky — 5.9 ha, Obecni — 10.3 ha, and Slechtav
ponds — 5.6 ha) and close to Luznice (Cerniény fishpond - 49°05° E, 14°45° N, 42.6 ha, 425 m
a.s.l.). Reed Buntings occupy the edge of fishponds dominated by Phragmites australis, Typha
angustifolia, Phalaris arundinacea, Glyceria sp. and Calamagrostis epigeios. Trees and bushes
in the study area are mainly Salix alba and Alnus glutinosa (for more details of the habitat see
Janda et al. 1996). Individual fishponds were isolated without the wetlands corridor, surrounded
by woods, fields and urban areas. The number of occupied territories varied between 2 and 9

breeding pairs on individual fishponds.
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We carried out fieldwork during the breeding season from March to the beginning of July
of 2000 to 2009. The majority of adults were mist-netted (Ecotone mist nets) in roosting sites
during the pre-breeding period (March and April), when the birds were forming flocks and their
numbers were higher than the number of potentially suitable nesting sites available in the area
(pre-breeding season). All Reed Buntings caught were marked using unique individual
combination of colour rings (Ecotone). Additionally, all birds were ringed with aluminium rings
issued by The National Museum Prague. Age was categorized as 2 years or older (2K and +2K in
the Euring system) (Bub 1985, Svensson 1992). Accuracy of age determination was verified by
long-term ringing and recovery of individually marked birds. Individual birds were body weighed
and measured (tarsus and wing). We supposed wing length as a feather component related to
body condition or aerodynamic consideration. Tarsus length was used as a body size assumption
(Pascual & Senar 1996, Senar &Pascaul 1997, Sutherland et al. 2005).

Using a telescope we repeatedly monitored the whole study area during one week
intervals to identify individually marked birds and to estimate the total number of occupied
territories during the breeding period. We used the following terms: site fidelity (also called
return rate) is defined as event when residents were recovered in order to breed on fishponds (i.e.
on ringing site) in subsequent years. According to our observation, transfers between particular
fishponds were very rare in the study area. Territory settlement was used for event, when bird
banded in pre-breeding season (March and April) was later (i.e. May and June) recovered at
breeding and territory sites defending on particular fishponds.

The separated data set comprises 63 nests where there was identified at last one parent.
We found nests by systematically searching of the focal area or monitoring of feeding parents.
Nests were discovered at various stages of development, including nest building, incubation and

brood rearing and these were repeatedly controlled. Nests were considered successful if at least
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one nestling was fledged. Similarly a breeding season was considered successful if at least one
breeding attempt was successful.

We included all recaptures of the same individual in consecutive years in the analysis
(Figure 1). Apparent survival and recapture probabilities were estimated applying the Colmack-
Jolly-Seber (CJS) model for life recapture data in the program MARK 2.1 (White & Burnham
1999). Individual encounter histories were coded using two criteria: recovered or re-sighted at
territory defending (1) or not detected (0). Site fidelity data were analysed with 5 encounter
occasions according to maximum recurrence and territory settlement data with 2 encounter
occasions. We used 7 individual variables: sex, age, weight, length of wing and tarsus, number of
occupied territories on fishpond and date of ringing (dates were given as the Julian day from the
beginning of the year) as additive covariates in our models (White and Burnham 1999, Cooch &
White 2009) and standardise them in MARK. We use logit-link function to force all estimates of
apparent survival and recapture probabilities to the interval (0, 1) (Lebreton et al. 1992). Akaike’s
Information Criterion (AICc) was used to select the best approximating model(s) and differences
in AICc between models were also calculated (AAICc). A total of 10 candidate models were
based on questions of interest (Cooch & White 2009). The model with the lowest value of AICc
was considered the most parsimonious explanation for the data. Models were equally
parsimonious if the difference in AICc from the best fit model was <2 (Burnham & Anderson
2002). Currently, there is no goodness-of-fit test of models with individual covariates in MARK
(Cooch & White 2009). Regardless, the program RELEASE (available in MARK) was used to
test for goodness of fit of our general model with two groups’ parameter to the CJS model. Three
standard tests were generated and two of them (TEST 2 and TEST 3) together provided the

goodness of fit statistics for the general model.
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Similarly, apparent survival and recapture probabilities of parents were estimated
applying the CJS model for life recapture data in the program MARK 2.1 (White & Burnham
1999) and Akaike’s Information Criterion (AICc) was used to select the best approximating
model (see above). Individual encounter histories with 2 encounter occasions were coded using
two criteria: recovered or re-sighted at territory defending (1) or not detected (0). We used 4
individual variables: sex, age, breeding outcome and number of occupied territories on fishpond
as additive covariates in our models (White and Burnham 1999, Cooch & White 2009). We did
not have sufficient data to include weight and body measurements as individual covariates in the
models.

Unless otherwise indicated, tests were two-tailed, with significance levels set at P<0.05

using STATISTICA 8.0 (StatSoft Inc., 2007).

Results
In the study period in 2000 - 2009, we caught 270 adult Reed Buntings (153 males and 117
females). Program MARK estimated virtually different apparent survival probabilities
(probability that a bird remains alive and available for recapture) for males (0.41£0.05, 95% CI
0.32-0.51) and females (0.16+0.06, 95% CI 0.08-0.30). Recapture probabilities (probability of
being recaptured conditioned on being alive and in the sample) were 0.80+0.13 (95% CI 0.46—
0.95) for males and 0.12+0.05 (95% CI 0.05-0.25) for females. Recovery rate (percentage of re-
sighted birds) was 64.8% for males (n = 105) respectively 59.7% for females (n = 72) in year of
banding (territory settlement) and 39.7% for males (n = 68) respectively 14.0% for females (n =
43) in subsequent years (site fidelity) (Table 1).

In total, we captured 56 (36.6%) young males (1 year old — 2K) and 97 (63.4%) older

males (+2K). The proportion of captured females was 62 (53.0%) one year old and 55 (47.0%)
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older birds. The difference of age structure of banded birds in both sexes was significant (* =
7.24, df = 1, P < 0.01). We banded 146 nestlings in 2000 - 2009. However, only one female
(ringed as a nestling) was recovered during the whole study period. All females returned only
once to the study area. Conversely, males were more frequently recovered. Maximum recurrence
was three breeding season in a female and five breeding season in a male (Figure 1).

Fidelity ratio (proportion of re-sighted birds) was higher (Figure 2) in birds recorded in
the study area as residents in year of banding (territory settlement) in both sexes. There is a
correlation between territory settlement and site fidelity. Nevertheless, this relationship is more
pronounced in males (5* = 8.61, df = 1, P < 0.01) than in females (* = 0.75, df = 1, n.s.).

Results from the program RELEASE for TEST 2 and TEST 3 combined indicated that our
general model @(.)p(sex) with two attribute groups fitted the data (goodness of fit, y* = 0.53, df =
1, P =0.47).

The best model of territory settlement data according to AICc criterion included sex and
age interaction variation in apparent survival probability and constant recapture probability
(Table 2). In this model apparent survival was 0.30+0.04 and recapture probability was 0.99+0.01.
There was no support (AAICc>2) for variation of apparent survival in body measurements,
weight, date of banding or total number of occupied territories on fishpond. Similarly, sex
variation in recapture probability was not confirmed (Table 2). Older males (2 year +) were
significantly more frequently re-sighted in the study area (n=177). The relationship between age
and successful territory settlement was more pronounced in males and conversely less
pronounced in females.

The best models of fidelity data for apparent survival and recapture probabilities included
sex dependence effect (Table 3). In this model, there was the following apparent survival in

subsequent years: 0.32+0.04, 0.28+0.05, 0.24+0.06, 0.20+0.07 and recapture probability was
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0.79+0.09. There was marginal support for sex and age interaction differences in apparent
survival probabilities (AAICc = 2.03, Table 3). Models that included variation in body
measurements, weight, date of banding or total number of occupied territories had low support
(Table 3). Males were more frequently recovered in the study area in subsequent breeding
seasons (n = 111).

In 82 cases (43 in males and 39 in females), we were able to test the effect of previous
breeding success or failure based upon the likelihood of a return in subsequent years. The best
model for this data according to AICc criterion included sex variation in apparent survival
probability and constant recapture probability (Table 4). There was no support for breeding
outcome differences in apparent survival probabilities (AAICc = 19.07, Table 4). Male parents

were more frequently recovered in the study area in subsequent years.

Discussion
In South Bohemia, individually marked Reed Buntings exhibited moderate site fidelity (cf.
Newton 2008, Schlossberg 2009), with male-bias return rate and low philopatry. The low
philopatry and following wide natal dispersion of this species show only one record of banded
nestling in consequent years during the whole study period. This is in accordance with data from
the Praha Bird Ringing Centre (Musilova 2008), where nestlings represent only 1.7% of
recoveries and supports the general contention of low philopatry in migratory passerines
(Weatherhead & Forbes 1994). Simultaneously, this low philopatry can reduce inbreeding in
patchy distribution areas (Greenwood et al. 1978, Hansson et al. 2002a).

Site fidelity correlated with territory settlement, whereas, this difference is more
pronounced in males than in females (Figure 2). This similar pattern in fidelity probably reflects

quality of individuals. Males which stay in breeding site during breeding season after catching
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show higher probability to return to previous breeding site in the next spring. Moreover, we
found support for sex-dependent variation in apparent survival with stronger probabilities for
males remaining alive and available for re-capture. Apparent survival (0.414+0.05 for males and
0.16+0.06 for females) was similar with recovery rate (39.7% for males and 14.0% for females)
which express site fidelity. To compare these findings, we can indicate that apparent survival
follows site fidelity in our study. Sex differences in site fidelity have been noted in more than a
half of the studied bird species (Newton 2008). Male biased return rates were defined in many
European open landscape migratory passerines (Kristin et al. 2007, Sedlacek & Fuchs 2008,
Vadasz C. et al. 2008). Newton (2008) mentioned male-biased return patterns in 13 of 20
passerines species. Moreover, Schlossberg (2009) summarizes sex differences in site fidelity in
32 of 35 North American migratory bird species. To compare species with similar habitat
preferences, there were similar male-biased return rates in following common species: Garden
Warbler Sylvia borin (25% males and 6% females, Solonen 1979), Willow Warbler Phyloscopus
trochilus (30% males and 17% females, Pratt & Peach 1991), Winchat Saxicola rubetra (74%
males and 57% females, Bastian 1992) and Red-backed Shrike Lanius collurio (28% males and
20% females, Simek 2001). On the contrary, no differences in breeding dispersal pattern of males
(54%) and females (57%) were confirmed in the rare Great Reed Warbler Acrocephalus
arundinaceus (Bensch & Hasselquist 1991, Hansson et al. 2002a, Hansson et al. 2002b). Sex
differences in site fidelity with males more likely to return is possibly related to sex differences in
territory acquisition and defense (Siriwardena et al. 1998, Artl & Part 2008, Newton 2008).
Greater parental investment and extended breeding season in the Reed Bunting (Bliimel 1982,
Hudec 1983, Dyrcz 1984, Okulewicz 1989) results in a higher rate of mortality in females and a
lower return rate of them. Reproduction is costly and therefore reduces subsequent survival (Lack

1954). Moreover, there was shown negative relationship between reproduction effort and
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subsequent survival (Benett & Owens 2005). If we take into an account that females express
lower survival and males need experience for territory acquisition, we can assume there are
differences in female and male life-histories due to different age at first time breeding (Benett &
Owens 2005). Furthermore, female-bias in mortality (e.g. Newton 1992, Newton 1998, Berthold
2001) and dispersion (Greenwood 1980) is generally known. Nevertheless, when marked birds
are not re-sighted in a study area, we generally do not know whether they have dispersed or died
(Haas 1998, Schlossberg 2009).

We found that age plays an important role in the likelihood of apparent survival (resp. re-
sighting) of birds banded in the pre-breeding season and consecutively controlled the same year.
Older males were more frequently re-sighted. The effect of age in territory settlement, especially
in males, could confirm the advantage of local knowledge, experience and age-related social
dominance to occupied territories (Harvey et al. 1984, Sedgwick 2004, Winkler et al. 2004,
Newton 2008, Sergio et al. 2009) and simultaneously high competition in the study area with a
higher proportion of former residents. The importance of local knowledge and the experience to
occupy territory indicates also marginal support for the model that analyzes age and sex
interaction on the apparent survival in subsequent years. Old residents seem to be recovered or
re-sighted more frequently than young ones in the study area in subsequent years. This finding
could confirm that young birds are often re-legated to poorer nesting sites, and only acquire better
sites as they grow older (Greenwood & Harvey 1982), because older individuals often breed in
better habitats than first-time breeders (Part 2001).

The effect of body measurements and body weight on territory settlement using apparent
survival modelling was not confirmed, thus supporting the theory of the importance of the
formation of pre-breeding flocks in early arriving species (Newton 2008). The Reed Buntings

improve their body condition due to intensive feeding after arrival. Therefore, competing males
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could less profit from the advantage of better body conditions after flock break up and acquired
territory. In this case, greater importance from past experiences, expressed by age (mentioned
above), can be shown. According to significant correlation between territory settlement and site
fidelity, it seems that stable residents tend to return to their territories till they die.

We showed no significant effect of breeding success to apparent survival probabilities of
parents in subsequent years. This is not in accordance with general patterns where breeding
outcomes (success vs. failure) affect site fidelity and thereby successful birds are more likely to
return to the same breeding site in the following year to that of those that fail to fledge their
young (e.g. Harvey et al. 1979, Howlett et al. 2003, Wesotowski 2006, Johnson & Walters 2008,
Berkunsky & Reboreda 2009). We suggest that there is a lack of suitable breeding sites in the
study area and probably due to high competition between males, the effect of previous breeding
outcome on site fidelity in males couldn’t be expressed. Moreover, the relationship between
reproduction success and site fidelity was found to be greater in females than males (Murphy
1996, Haas 1998, Sedgwick 2004). No effect of breeding outcome on fidelity in females could
cause extended breeding period, which allows repeated breeding attempts, loose of nutrition
resources and the following higher mortality in consequent years (see above). Moreover, this
higher mortality of females supports high proportion of predation in the study area (Musilova
unpubl. data). Survival of first-year male was higher than females of Reed bunting in Britain
(Siriwardena et al. 1998). Mezquida & Villaran (2006) showed higher mortality of females than
males in Reed Bunting wintering in central Spain. The geographical differences in site-fidelity
caused by differences in female mortality were confirmed in Pied Flycatcher (Sanz 2001). We
assume that lower survival of Reed Bunting female makes site fidelity affected by previous
breeding outcome more difficult. The likelihood of high competition in males, as well as higher

mortality in females, seems to be important factor affecting territory settlement in year of banding
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and fidelity probability in consequent years. On the other hand, in a few bird species,
reproductive outcome did not affect the likelihood of return in successive years (e.g. Gavin &
Bollinger 1988, Haig & Oring 1988, Payne & Payne 1993, Pyle et al. 2001, Shutler & Clark
2003, Hallworth et al. 2008). These studies indicate that the effect of previous breeding success is
not important in high-quality territories, which are occupied in any case. Individual decision to
reoccupied territory could be related to site quality (Greenwood 1980, Newton 2008). Therefore,
the low effect of breeding performance on fidelity could reflect optimal breeding habitat in the
study area. Moreover, Pasinelli et al. (2008) showed that large and small wetlands fragments are
equally suited as breeding grounds for Reed Bunting. High male competition and lack of suitable
breeding habitats occupied by older residents in the study area support high importance of these

fragmented wetlands (fishponds) for Reed Bunting in Central European fishpond landscape.
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Table 1. Number of banded and recovered Reed Buntings in the study area in 2000-2009
(between rounds brackets is proportion of birds banded in previous years).

Males Females

No. ringed year 0 year +1 years + 1 < No.ringed year0 year +1 years + 1 <

2000 16 () 8 6 7 120) 3 2 2
2001 25 (2) 16 7 7 14 (1) 7 1 1
2002 27 (4) 15 6 7 20 () 14 3 3
2003 23 (5) 9 4 5 17 3) 8 0 0
2004 16 (3) 6 6 6 18 (0) 5 3 3
2005 15 (4) 3 2 3 16 (1) 7 3 4
2006 8(2) 3 4 4 2 (1) 1 0 0
2007 16 (4) 8 1 2 10 () 0 0 0
2008 3(1) 0 1 1 6() 0 0 0
2009 4() 1 - - 2 () - - -

year 0 — birds recovered in year of banding, year + 1 — birds recovered in subsequent year, years + 1 < - birds

recovered in any subsequent years
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Table 2. Model selection of territory settlement for adult Reed Bunting (birds recorded in year of

banding in study area) using different models (n=177; 105 males and 72 females).

Model np AlCc AAICc AlCc weight Deviance
O(sex*age)p(.) 3 207.31 0.00 0.77 201.17
O(whp(.) 2 211.79 4.48 0.08 207.72
O(.)p(sex) 2 212.36 5.05 0.06 208.29
O(sex)p(.) 3 214.43 7.12 0.02 208.29
D (w)p(.) 2 220.46 13.15 0.00 216.39
O(age)p(.) 4 220.64 13.33 0.00 212.41
d(thp(.) 4 220.95 13.64 0.00 212.71
O(ter)p(.) 2 225.59 18.28 0.00 221.52
®(date)p(.) 2 226.52 19.21 0.00 222.45
O()p() 3 228.53 21.22 0.00 222.39

AICc = Akaike’s information criterion, AAICc = differences between that model and the model with the lowest
AICc, np = number of parameters, ® = apparent survival probability, p = recapture probability, . time independent

effect, * interaction of terms, wl = wing length, w = weight, tl = tarsus length, ter = number of occupied territories.
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Table 3. Model selection of site fidelity for Reed Bunting (residents recorded in subsequent

years) using different models (n=111; 68 males and 43 females).

Model np AlCc AAICc AlCc weight Deviance
O(sex)p(.) 3 207.25 0.00 0.49 201.10
O(sex)p(sex) 4 208.20 0.95 0.30 199.94
O(sex*age)p(.) 4 209.29 2.03 0.18 201.02
O(.)p(sex) 4 212.91 5.65 0.03 204.64
D(thp(.) 3 217.45 10.20 0.00 211.29
O (wl)p(.) 3 217.51 10.26 0. 00 211.36
O(w)p(.) 3 218.28 11.03 0.00 212.12
O(ter)p(.) 3 219.99 12.74 0.00 213.83
O()p() 6 222.53 15.28 0.00 209.97
®(date)p(.) 3 262.19 54.94 0.00 256.03

AICc = Akaike’s information criterion, AAICc = differences between that model and the model with the lowest
AICc, np = number of parameters, ® = apparent survival probability, p = recapture probability, . time independent

effect, * interaction of terms, wl = wing length, w = weight, tl = tarsus length, ter = number of occupied territories.

74



Table 4. Model selection of site fidelity for Reed Bunting parents using different models (n=82;

44 males and 38 females).

Model np AlCc AAICc AlCc weight Deviance
D(sex)p(.) 2 84.17 0.00 0.67 80.02
O(.)p(sex) 3 86.33 2.16 0.23 80.02
O(sex*age)p(.) 4 88.05 3.89 0.10 79.53
®(age)p(.) 2 96.02 11.85 0.00 91.87
d(ter)p(.) 2 98.09 13.92 0.00 93.94
O()p(.) 2 98.90 14.73 0.00 94.75
O(suc)p(.) 4 103.24 19.07 0.00 94.72

AICc = Akaike’s information criterion, AAICc = differences between that model and the model with the lowest
AlCc, np = number of parameters, ® = apparent survival probability, p = recapture probability, . time independent
effect, * interaction of terms, suc = breeding success, ter = number of occupied territories.
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Figure 1. Recurrence of banded adults in the study area in 2000-2009 (O - the same year, 1-4 the

following years).
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Figure 2. Fidelity ratio of males and females in relation to territory settlement in the study area (0

-not detected, 1 - re-sighted in the study area).
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Introduction
In many bird species, females tend to choose mates on the basis of differences in male’s song and
it could serve as an assessment of the condition of the potential mate (Marler & Slabbekoorn
2004). In this case, the quality of the singer should be related to cost of the signal to be honest
(Grafen 1990). We can summarise the following main song characteristics which could be
important in mate-choice communication: specific song structure called “sexy syllables” (e.g.
Vallet & Kreutzer 1995), song repertoire (e.g. Lambrechts & Dhont 1986), song rate (e.g.
Radesiter et al. 1987) and song performance (e.g. Hofstad et al. 2003). Correlations between
male song rate and mating success suggest that females prefer mates that sing at the highest rates
(e.g. Radesiter et al. 1987, Eens et al. 1991, Collins et al. 1994). Moreover, in some species
males may dramatically shift the use of a certain song after attracting a female (Highsmith 1989).

In the Reed Bunting Emberiza schoeniclus was shown that males use different singing
styles (Figure 1) related to male mating status. Unpaired males sing a rapid song (type I) and
paired males sing a slow one (type 1) (Nemeth 1996). Type Il was classified as a continuous
song of the type Il, which is mainly produced during the dawn chorus and it is an honest signal of
quality due to a connection between its production and a level of extra-pair paternity (EPP) (Suter
et al. 2009). Moreover, song expressed as the “all-clear” signal, an example of a non-sexual
function in acoustic communication between male and female, was investigated during
incubation and feeding of nestlings. In this case, the sonogram analyses were not accomplished.
This signal shows that there is no risk of predation and it is safe for the female to exit the nest or
feed the young, as was ascertained using observation of singing males and incubating or feeding
females (Wingelmaier et al. 2007).

The main aim of this study is to assess seasonal timing of different song types in the Reed

Bunting Emberiza schoeniclus and its relation to various stages of the breeding cycle. We
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predicted an increase of the song type III, as an honest signal of male’s quality, during fertile
stage of female and conversely the decrease of this song type during incubation and feeding of
nestlings. We assume that the “all-clear” signal to incubating and feeding female likely belongs

to the type I1.

Methods
The Reed Bunting is a short-distance migratory, granivorous passerine that breeds on the ground
in open wetland habitats and shows highly fragmented (patched) distribution in Central European
landscape (Hudec 1983, Blimel 1989, Cramp & Perrins 1994). Even though socially
monogamous species, Reed Buntings show a high level of extra-pair paternity (Dixon et al. 1994,
Bowmann & Komdeur 2005, Kleven & Lifjeld 2005). They are able to breed usually twice
during one breeding season (e.g. Bliimel 1989).

The study was carried out on fishponds in South Bohemia (Jindfichtiv Hradec district, the
Czech Republic) located close to Kardasova Redice town (49°11°—49°13° E, 14°51°—14° 54’ N,
443-480 m a.s.l.) (four fishponds: Hejtmank® - 1.6 ha, Spitalsky - 5.9 ha, Obecni - 10.3 ha, and
Slechtiiv ponds - 5.6 ha) and close to Luznice village (Cerni¢ny fishpond - 49°05° E, 14°45° N,
42.6 ha, 425 m a.s.l.). Particular fishponds were isolated, without wetlands corridors, surrounded
by mixture of forest patches, fields and villages (for more details of the habitat see Janda et al.
1996). The number of occupied territories varied between 2 and 8 breeding pairs on individual
fishponds.

In total, we monitored 122 territories of the study species in 2003—2007. Nests were found
with the use of a systematic searching of the focal area or monitoring of feeding parents. Nests
were repeatedly controlled and current stage of each brood was recorded. Age of clutch/nestlings

estimates allowed back-calculation of first egg-laying date for the nest according to Bliimel
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(1982), Hudec (1983) and Okulewicz (1989). We defined the following stages of breeding: 1 -
more than a week and less than two weeks before egg laying (pre-breeding stage), 2 - a week
before egg laying (1 fertile stage), 3 - egg laying (2" fertile stage), 4 - incubation, 5 - nestlings
in a nest, 6 - a week after nestlings abandonment (movement of nestlings recorded in males
territory), 7 - more than a two weeks after nestlings abandonment, 8 - uncertain because of a
predation or an abandonment of the clutch. Our research activities were carried out during the
breeding season from March to the beginning of July. Adult Reed Bunting males were caught and
marked using unique individual combination of colour rings (Ecotone) and aluminium rings of
the National Museum Prague.

Songs of males were recorded using directional microphone (Sennheiser ME 66) and
Marantz cassette recorder (PMD 201). We noted date, time, locality, position on the map and if
possible, phase of the nest and individual colour rings of the male for each recording. We
recorded songs between 6 am and 8 pm. Repeated recordings of the same male in one day were
not included in the analysis. Recordings were digitalised and categorised using Avisoft SASLab
Pro version 4.38 (Avisoft Bioacoustics, Berlin). We saved Wav-files with the following
parameters: input sample rate 44 100 Hz, sample format 16 bit. Correspondingly, sonograms
were produced with the following parameters: type Hamming, FFT Length 256 and frame 50%.
We used three types of Reed Bunting song according to Nemeth (1996) and Suter et al. (2009).
Recordings were categorised as rapid song (type 1), slow song (type 11) and continuous song (type
I11) by time measurement. We applied Nemeth (1996) for the definition of a syllable.

We compared differences in using of song types and the date during the breeding season
and the number of territories per the pond. For these analyses, we used ANOVA in program

STATISTICA 8.0 (StatSoft Inc. 2007) and all data were In-transformed. Then we tested
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relationship between nesting stage and fertile or infertile period and the types of songs by
contingency tables and Fisher exact test in STATISTICA 8.0.
Results

Using of the three types of song significantly differed according to the total number of territories
on fishpond (n =422, F = 7.2, df = 2, p < 0.01), the type Il was used more in the ponds with a

smaller number of territories than type Il (p < 0.01). There was no difference in using of the
song types during progress of the breeding season (n =422, F=1.8,df =2, p=0.174).

Different song type was explained significantly by the stage of breeding cycle (Pearson
chi square = 32.8, df = 14, p = 0.003). Song type | occurs in pre-breeding stage of the cycle, more
than two weeks after nestling abandonment and after predation or clutch abandonment (Figure 2).
When comparing only recordings from the 1% fertile stage and egg-laying of singer’s female
(stage 3 and 4) and incubation and feeding (stage 4 and 5), we were able to compare proportion
of song type Il and Il in fertile (stage 3 and 4) and infertile period (stage 4 and 5) of the female
(Figure 2). The difference was not confirmed (n = 91, Fisher exact test, p = 0.6).

Discussion

We found out that the number of pairs on the fishpond affects the proportion of different singing
types with an increased use of song type Il as an honest signal of quality (Suter et al. 2009) on
more populated localities. In this case, conspecific density could affect the honesty of call
features as signals of male and/or territory quality (Penteriani 2003). Our finding could be also
connected with a higher pressure of male competition in more suitable habitat and a possible role
of song type Il in male-male competition. On the contrary, Nemeth (1996) indicated that
different singing styles seem to be directed to females. We incline to his finding because song

overlapping is likely connected with male-male competition in this species (unpubl. data). It
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means that a male can set the time of singing in aim to overlap song with that of another male
(Marler & Slabbekoorn 2004). Reed Bunting’s males probably direct the song type III to
motivate females and overlap another male to vocal fight.

We found out that Reed Bunting males use different song types in different stages of their
breeding cycle. The distribution of song type | during the breeding cycle confirmed the Nemeth’s
(1996) definition of the song type | which belongs to unpaired male. We recorded song type | in a
pre-breeding stage (possible absence of singer’s female) or more than two weeks after nestling
abandonment and in a case of predation or an abandonment of the clutch (possible death of
singer’s mate). No recordings of song type | were registered in the confirmed breeding period
(fertile stage or an active nest).

Conversely, we did not confirm any significant differences in proportion of song type Il
and III in fertile period of singer’s female and successive incubation and feeding of nestlings.
This is in contrast with the assumption that male tends to communicate with his female using
non-sexual “all-clear” signal during incubation in the aim to minimise the risk of predation of the
clutch (Wingelmaier et al. 2007). We can emphasise that the continuous song type Il is an
honest signal of male’s quality. The amount of song produced per unit time might depend directly
on male energy balance and could depend on the availability of food on his territory (Searcy &
Nowicki 2005). Moreover, Sutter et al. (2009) confirmed that song type 11l plays an important
role in the female’s choice of extrapair mates. Furthermore, Reed Bunting shows one of the
highest levels of EPP within passerines (Dixon et al. 1994, Bowmann & Komdeur 2005, Kleven
& Lifjeld 2005). According to our findings, we can assume that males of Reed Bunting seek
extra-pair mates using song type Il during incubation period of their own nests. High level of
EPP could be also connected with increased song type IIl on more populated localities (see

above). Moreover, Hofstad et al. (2002) showed that extended breeding season could lead to a
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better option for the male to attract a second female or to practice extra-pair copulation (EPC)
during the incubation period of the first female in the Snow Bunting Plectrophenax nivalis. There
was no trend in the timing of different song types during the whole breeding season.
Nevertheless, Reed Buntings show extended breeding season with little synchronisation of the
breeding pairs in the study area (pers. obs.).

According to our study, more research to confirm the connection between proportion of
song type III during incubation and following individual male’s fitness using proportion of his

extra-pair nestlings in neighbour nest is needed.
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Figure 1. Spectrograms of different song type in the Reed Bunting males
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Figure 2. Proportion of different song type in relation to different stage of the singer’s breeding

cycle (1 - more than a week before egg laying, 2 - a week before egg laying, 3 - egg laying, 4 -

incubation, 5 - nestlings in a nest, 6 - nestlings close to the nest, 7 - more than two weeks after

nestlings abandonment, 8 - a predation or an abandonment of the clutch). n=164
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Summary

Capsule Increasing species prevailed among wintering waterbirds in the Czech Republic in
1966-2008.

Aim To assess long-term trends in the numbers and distribution of the 37 most abundant
wintering waterbird species in the Czech Republic.

Methods We used International Waterbird Census data from 48-639 wetland sites counted
annually in the Czech Republic from 1966 to 2008, using log-linear poisson regression analysis.
Results Increasing trends were found for 16 species, 7 species were found to be declining and
stable (5) or uncertain trends (7) amongst the remaining species. Wintering distribution (the ratio
of sites occupied by a given species to the total number of sites counted) increased in 16 species
and decreased in 3 species, broadly correlated with the species changes in distribution.
Conclusion Fish-eating birds, geese, dabbling and diving ducks and gulls increased, while
waders decreased. Trends in numbers, as well as changes in distribution, of particular species
were mostly explained by Western Palearctic population trends, although Teal decreased in the
Czech Republic (in contrast general increases) and Bean Goose, Pochard, Common Gull
increased in the Czech Republic compared with decreasing trends in the Western Palearctic.

Rare, southern species were generally more increasing in numbers.
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Introduction

Many waterbird species, recognized as being species of conservation concern, have significantly
changed their numbers in the last decades (e.g. Birdlife International 2004, Wetlands
International 2002, 2006). The population dynamics of waterbird species, as in many bird groups,
is affected by various factors throughout the whole year, including the breeding season, spring
and autumn migration and wintering season. Waterbirds generally breed in low densities over
large areas (Scott & Rose 1996, Kear 2005) but aggregate in large numbers in winter when
limited habitat may cause large temporal and spatial variability (Ridgill and Fox 1990). Inter-
seasonal variation in numbers and distribution of particular species are considerably affected by
weather and habitat changes (Wahl & Sudfeldt 2005; Maclean et al. 2008, Musil et al. 2008a,
Musilova et al. 2009). Changes in wintering conditions can be assumed as a key-factor affecting
wintering numbers, over-wintering survival and consequently the population dynamics of a
particular species.

Among wintering waterbirds in Europe, significant population trends (either increases or
decreases) have been found in roughly half of all species (52 %: Wetlands International 2002; 48
%: Wetlands International 2006), while the remaining species are considered as stable or species
with uncertain trends. Although counting effort and coverage of particular countries by
monitoring programmes should be taken into consideration, it still remains remarkable that the
proportion of species with marked increasing or decreasing trends is highest in Europe amongst
all the Ramsar regions (e.g. Kear 2005, Wetlands International 2006). Thus various analyses of
wintering waterbirds trends at a national (Crove et al. 2008, Nilsson 2008, Slabeyova et al. 2008,
2009, Fouque et al. 2009), or regional (Mclean et al. 2008) level have been carried out.
Nevertheless, a deeper, more-specific analysis of long-term trends in the numbers of wintering

waterbirds from central Europe has been missing.
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The Czech Republic is not a core waterbird wintering area because most wetlands usually
freeze at some time during the winter (Hudec 1994; Delany et al. 1999; Musil et al. 2001;
Gillisen et al. 2002). Despite this, its relatively mild climate and high diversity of smaller wetland
habitats may provide some feeding opportunities throughout the winter period for birds which
breed in northern Europe, particularly when freezing conditions in the Baltic region may limit the
birds” access to feeding areas e.g. Svazas et al. 2001, Nilsson 2008). Conversely, species with a
more southerly distribution, which usually leave central Europe to winter in Mediterranean areas
(Musil et al. 2001; Cepak et al. 2008), may delay their southbound movement in milder winters
when non-freezing wetlands are more frequently available. The Czech Republic can therefore
provide attractive wintering areas for waterfowl species with differing wintering strategies
(Hudec 1994; Hudec et al. 1995).

The long tradition of wintering waterbird monitoring in the Czech Republic started with
contributions to the International Waterbird Census in 1966 and now covers almost all sites of
national importance. We use these data to try to answer the following questions:

Do numbers of Czech wintering waterbirds show long-term changes? Are the changes in numbers
and distribution among individual waterbird species inter-correlated? What species-specific
variables are responsible for changes in numbers and distribution of individual species? We test
the effect of the following species-specific variables: body size, Western Palearctic population
size and trend, mean wintering numbers and distribution in the Czech Republic, biogeographic
position and conservation status at the national and European level.

Are there any differences in trends in numbers on running and standing waters? We might expect
more conspicuous changes amongst individual species on standing waters compared to running
water, because standing waters are more affected by a global warming that can extend the non-

freezing water bodies suitable for wintering waterbirds.
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Methods

Waterbird data

Long-term trends in the numbers and distribution of waterbird species were analysed using count
data recorded in the Czech Republic for the International Waterbird Census (IWC), which is
conducted in mid-January each winter, for the years 1966—-2008 inclusive. Within the Czech
Republic, the IWC counts have been carried out annually at 48 to 639 wetland sites in January
from 1966 onwards, the year 2008 being the last year included in this study (Fiala 1980; Musil et
al. 2001, Musilova & Musil 2006; Musilova et al. 2008). Altogether, 3,289,871 birds of 98
waterbird species were counted on 1,078 wetland sites in the Czech Republic during the study
period. Data for the 37 most abundant waterbird species (i.e. 3,116,390 waterbirds in total) were
included in the analysis. Large gulls (i.e. Larus argentatus, Larus cachinnans and Larus
michahellis) were considered as only one bird species in accordance with the taxonomical

situation current at the beginning of the study period (i.e. in 1966).

Trend analysis

Trend analyses were carried out using IWC data from 847 of the 1,078 sites. Only those sites
which had been counted in at least two winters over the 1966 — 2008 period were included. Log-
linear Poisson regression analysis was used to estimate missing data using TRIM software
(Statistic Netherlands version 3.52, Pannekoek & Van Strien 2001). Serial correlation between
annual numbers and over-dispersion in the data were taken into account while developing the
models used to calculate the trends of wintering populations of investigated species. The models
included change points to allow for changes in the slope parameters at some points in the time

series (Pannekoek & Van Strien 2001; Fouque et al. 2007).
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The multiplicative slope (i.e. the change in indices from one year to the next) was the
value used to express population trends over the study period. Additionally, two separate analyses
(using the TRIM software) were carried out for trends in numbers of birds occurring on two main
wetland habitat types, i.e. running water (444 sites) and standing water (403 sites). For running
waters (rivers and streams), sites were defined as river sections with known boundaries, such as
dams, weirs and bridges; standing water sites included fishponds, reservoirs, gravel and sand-pit

lakes, and industrial settling ponds (Chytil et al. 1999).

Distribution of species

The distribution of each species was described as the ratio (arcsin transformed) of the number of
sites occupied by that species to the total number of sites investigated. Linear regression analysis
was then used to identify potentially significant long-term changes in species distribution.
Correlation coefficients derived from the linear regression analysis were used to describe the

change in species distribution over the study period for each species (Table 1).

Species- specific variables

We use the following species specific-variables in aim to find ecological factors responsible for
analysed changes in numbers and distribution of individual species. In total, 7 eco-taxonomical
group were distinguished, i.e. fish-eating birds, geese, dabbling ducks, diving ducks, waters, gulls
and others. Moreover, we used mean body weight as the measurement of body size (from Snow
and Perrins 1998). Data about population trends and sizes in western Palearctic were used from
Wetlands International (2006) and, in particular, from Birdlife International (2004). The

geographical distribution of an investigated species was classified using the latitudinal midpoint
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(Lemoine 2007), i.e. the difference between the southernmost and northernmost latitudes of the
species breeding range (Snow and Perrins 1998).

We used the Czech IWC data as values expressing mean numbers (annual number of
individuals) and mean distribution (mean number of occupied sites) in the Czech Republic for the
period 1966-2008. The conservation status of a particular species was classified using its listing
in Annex 1 of the EU Bird directive (European level) and using the classification of the species
under Czech legislation Act No. 114/92 Coll. and Regulation No. 395/1992 Coll., Annex No. IlI
(list of Specially-Protected Animals: endangered, strongly-endangered and critically-endangered,;
Hudec et al. 1999).

The influences of species-specific variables on trends in numbers or changes in
distribution of individual species were tested by GLM for normal distribution with the identity

link function in STATISTICA 8.0 (StatSoft Inc 2008).

Results
Trend in numbers
Population trends were recorded in the 37 most common wintering waterbird species in the
Czech Republic in 1966-2008. Among those investigated, 18 species were found out to be
increasing and only 7 species were recorded as decreasing (using TRIM ver. 3.52, Pannekoek &
Van Strien 2001). The trends of 5 species were assessed as being ‘stable’ and the trends of 7
species were assessed as ‘uncertain’.

A ‘strong increase’ was apparent in Cormorant, Great White Egret, White-fronted Goose,
Greylag Goose, Tufted Duck, White-tailed Eagle and in ‘large gulls’ (i.e. Larus argentatus,
Larus cachinnans and Larus michahellis). A ‘moderate increase’ was recorded in Grey Heron,

Mute Swan, Wigeon, Mallard, Pochard, Smew, Goosander, Common Gull, Kingfisher, Grey

96



Wagtail and Dipper. On the other hand, a moderate decrease was recorded in Little Grebe, Great
Crested Grebe, Teal, Moorhen, Coot and Black-headed Gull. Stable species included: Pintail,
Scaup, Velvet Scooter, Goldeneye and Green Sandpiper. No trend (i.e. ‘uncertain’) was found in
the case of the less abundant Whooper Swan, Gadwall, Shoveler, Red-crested Pochard,

Feruginous Duck and Lapwing.

Changes in distribution
Distribution (i.e. the ratio of occupied sites to total number of investigated sites) increased in 16
species, and, by contrast, decreased in only 3 of the species during the study period. No
significant changes in distribution were found in 18 species during the study period. A significant
increase in distribution (P < 0.05) was recorded in Cormorant, Great White Egret, Grey Heron,
Mute Swan, Bean Goose, White-fronted Goose, Greylag Goose, Wigeon, Gadwall, Mallard, Red-
crested Pochard, Tufted Duck, Goosander, White-tailed Eagle, Common Gull, ‘large gulls’ (i.e.
Larus argentatus, Larus cachinnans and Larus michahellis) and Kingfisher. On the other hand,
the distribution decreased in three species: i.e. in Little Grebe, Teal and Ferruginous Duck.
Changes in numbers (indicated by the multiplicative rate of change of values) generally
correlated with changes in distribution (correlation coefficient) among the waterbird species
analysed (y = -3.446 + 3.603x; r = 0.695, n = 37, P < 0.0001; Fig. 1). Nevertheless, the increase
in distribution (i.e ratio of occupied sites) was more marked than the increase in numbers in, for
example, Grey Heron, Wigeon, Mallard, Goosander, and White-tailed Eagle. On the other hand,
the decrease in numbers was more marked than the decrease in distribution in, for example, Great
Crested Grebe, Moorhen, Coot, Snipe and Black-headed Gull. Moreover, the distribution of
Ferruginous Duck decreased significantly during the study period, whereas its numbers show an

‘uncertain trend’ (Table 1).
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Changes in number of waterbirds on standing and running waters

Population trends of wintering waterbirds were analysed separately (using TRIM ver. 3.52,
Pannekoek & Van Strien 2001) for two main wetland habitats in the Czech Republic (i.e. for
standing and running waters). Overall, 13 increasing, 5 decreasing and 4 stable species were
found on standing waters, and 18 increasing, 4 decreasing and 5 stable species recorded on
running waters. The number of species with an uncertain trend was higher on standing waters
(15) than on running waters (10). Changes in numbers (indicated by the multiplicative rate of
change of values) on standing and running waters were generally correlated among the waterbird
species analysed (y = 0.452 + 0.575x; r =0.568, n = 37, P < 0.001; Fig. 2).

Nine species increased in both habitat types, i.e. Cormorant, Grey Heron, Mute Swan, Wigeon,
Mallard, Goosander, White-tailed Eagle, Common Gull and Kingfisher. Moreover, 4 waterbird
species (i.e. Greylag Goose, Pintail, Green Sandpiper, ‘large gulls’) increased on standing waters,
whereas 9 species (i.e. Great White Egret, Bean Goose, White-fronted Goose, Gadwall, Pochard,
Tufted Duck, Smew, Grey Wagtail, Dipper) increased on running waters. Among these latter 9
species, only Pochard numbers increased on rivers and, on the other hand, decreased on standing
waters. Numbers of Little Grebe and Coot decreased in both standing and running waters.
Moreover, numbers of Pochard (see above), Moorhen and Black-headed Gull decreased on
standing waters, and numbers of Great Crested Grebe and Teal decreased on running waters.
Numbers of Goldeneye were stable in both types of wetland habitat. Stable wintering populations
were found in Great Crested Grebe, Teal and Tufted Duck on standing waters, and in Pintail,

Moorhen, Green Sandpiper and Black-headed Gull on running waters.
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Effect of species- specific variables

Trends in numbers, as well as changes in distribution, of particular species were affected by
similar species-specific variables (Tables 2 and 3). Both these values were significantly affected
by a species’ population trend in the Western Palearctic and by its eco-taxonomical group. An
increase in both numbers and distribution prevailed in fish-eating birds, geese, dabbling and
diving ducks and gulls. Only in waders did a decrease in numbers prevail. Changes in numbers,
as well as changes in distribution, of gulls varied remarkably among species: including the
decreasing Black-headed Gull and increases in other species (Common Gull, ‘large gulls’). The
values in ‘Changes in numbers’ and ‘Changes in distribution’ in most species reflected the
species population trends in the Western Palearctic. There were only a few exceptions: firstly,
wintering numbers and distribution of Teal decreased significantly in the Czech Republic; in
contrast, numbers and/or distribution of three species (Bean Goose, Pochard, Common Gull)
which were decreasing in the Western Palearctic increased in the Czech Republic.

The wintering distribution (mean number of occupied sites in the Czech Republic) and
geographical distribution of the species (latitudinal midpoint of breeding range) affected a species
trend in numbers: rare and southern species were generally increasing more in numbers.
Conservation status in the Czech Republic also affected changes in distribution: increases in
distribution were more frequent in non-protected species.

Furthermore, changes in numbers on standing and running waters were also affected
significantly by a species’ population trend in the Western Palearctic, wintering species
distribution and by eco-taxonomical group. The geographical distribution of a species (latitudinal
midpoint of breeding range) and the conservation status of a species in the Czech Republic

affected wintering numbers only on running waters, where southern and non-protected species
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were increasing.

Discussion

Numbers and distribution of wintering waterbird species changed significantly in the Czech
Republic between 1966 and 2008. Among the 37 species analysed, significant changes were
found in the numbers of 25 species and in the distribution of 19 species. Increases in numbers
were recorded in 18 species and increases in distribution in 19 species. In contrast, decreasing
numbers were recorded in 7 species and decreasing distributions in only 3 species. The
proportion of waterbird species that changed their numbers (68 %) in the Czech Republic seems
to be higher than the proportion of waterbird species in Europe with changing (decreasing and
increasing) waterbird populations, which reached 48 — 51 % of all species populations recorded
in this Ramsar region (Wetlands International 2002, 2006). Although changes in numbers and
distribution of particular waterbird species in the Czech Republic follow the trends in the
European populations, increasing trends are more frequent in this country. It can be assumed that
wintering waterbirds in the Czech Republic are affected by the status of that particular species in
Europe (or in the Western Paleartic), and moreover they are also affected by the suitable
wintering conditions in the Czech Republic.

Differences between population trends of wintering waterbird species in the Czech
Republic and their general European trends are probably a consequence of regional (national)
variability in wintering trends, but which can be also explained by a shift in the wintering range
due to climatic changes (Ridgill & Fox 1990, Keller 2006, Maclean 2008, Musil et al. 2008a).
Nevertheless, a comparison of population trends at a national level is limited by the differences of

published studies in their length of study period, number of species covered, methods of trend
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analysis, etc. Moreover, we can omit species whose distribution is related (especially in the
wintering period) to coastal habitats, (for example, most waders, seaducks and several goose
species). Comparative multi-specific trend analyses covering more than 10 waterbird species are
available from, for example: Slovakia (1991-2006, Slabeyova et al. 2008, 2009); Sweden (1967-
2006, Nilsson 2008); Ireland (1994-2004, Crowe et al. 2008); the United Kingdom (1966-2007,
Austin et al. 2008); France (1987-2008, Fouque et al. 2009) and Bulgaria (1977-2001, Michev &
Profirov 2003). Despite of methodological differences, we can compare the proportion of species
with increasing, decreasing or no (i.e. stable, uncertain, unknown, fluctuating) trends. In most of
these countries (Sweden, Czech Republic, Slovakia, United Kingdom and Bulgaria), the number
of increasing species was higher than the number of decreasing species. Nevertheless, increasing
species only prevailed in Sweden (Nilsson 2008), where an increase was recorded in 13 out of 17
species. The second highest proportion of increasing species was recorded in the Czech Republic
(49 %). By contrast, the decreasing species prevailed in the Irish study (Crowe et al. 2008).
Surprisingly, perhaps, in the United Kingdom (Austin et al. 2008) and France (Fouque et al.
2009) increasing species were more dominant among the relevant species than decreasing ones.
Nevertheless, it seems that certain species have been increasing in the northern and eastern parts
of Europe and decreasing in some western countries. Some slight north-south differences can be
also seen by comparing the Czech data (49 % of increasing species) with Slovakia, where only 41
% of species were increasing in wintering numbers.

Generally, the changes in numbers and distribution of waterbird species in the Czech
Republic correlated with species population trends in the Western Palearctic. However, there
were a few species with a difference in their trends. Numbers and the distribution of Teal have
been declining significantly in the Czech Republic, whereas this species has been increasing in

other European countries. The decrease of Teal in the Czech Republic can be related to the
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negative impact of intensive fishpond management (see, for example, Musil et al 2001, Musil
2006), which has affected the breeding, migrating and consequently also the wintering numbers
of this species. On the other hand, the numbers of three species (Bean Goose, Pochard and
Common Gull) have been decreasing in the Western Palearctic, whereas their numbers and /or
distribution have increased in the Czech Republic. Among these species, Pochard and Common
Gull have expanded their breeding and wintering range - not only in the Czech Republic but in
other central European countries as well (e.g. Slovakia, Slabeyova et al. 2008). The increasing
national distribution of Bean Goose can be related to a shift in wintering sites within Europe
(Madsen et al. 1999, Wetlands International 2002, 2006). Nevertheless, the trend in the wintering
numbers of this species has been classified as ‘uncertain’ due to its fluctuations in relation to
climatic conditions (Musil et al. 2008a). Another interesting species is Mallard, whose numbers
and distribution have increased in the Czech Republic, whereas there has been a decrease in
wintering numbers reported from northwest and northeast Germany (Wahl & Sudfeldt 2005) and
Slovakia (Slabeyova et al. 2008, 2009). Numbers of Mallard in the Czech Republic have been
affected by the long-term releasing of this species for hunting purposes.

Changes in numbers generally correlated with changes in distribution among the analysed
waterbird species (Fig. 1). Nevertheless, increases in distribution were more visible than
increases in numbers in, for example, Grey Heron, Wigeon, Mallard, Goosander and White-tailed
Eagle. These species seem to have become more widespread as opposed to being concentrated in
relatively few sites. These expanding waterbird populations can exhibit a large-scale buffer
effect, in which numbers in sub-optimal sites will tend to increase more than in the more optimal
sites (Gill et al. 2001). On the other hand, a significant decrease in numbers was recorded in
Great Crested Grebe, Moorhen, Coot, Snipe and Black-headed Gull, whereas these species don’t

appear to have had significant changes in distribution. Moreover, the distribution of Ferruginous
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Duck has decreased significantly during the study period, whereas its numbers show an
‘uncertain trend’ (Table 1). This species seems to be concentrated in just a few sites, where they
could be more vulnerable to possible habitat changes.

Running (streams, rivers) and standing waters (including fish ponds, reservoirs, gravel
and sand-pit lakes, and industrial settling ponds) represents two main wetland habitats (Chytil et
al. 1999) available for wintering birds in the Czech Republic. Although the changes in numbers
for these two habitat types were generally correlated among the waterbird species analysed (Fig.
2), there are noticeable differences in changes in numbers related to habitat. Overall, 13
increasing, 5 decreasing and 4 stable species were found on standing waters, and 18 increasing, 4
decreasing and 5 stable species recorded on running waters. The number of species with
uncertain trends were higher on standing waters (15, i.e. 41 %) than on running waters (10, i.e. 27
%); this difference can be explained by within-year fluctuations in numbers of wintering
waterbirds on standing waters in response to variable climatic conditions (especially the ice-cover
period). Species with a highly-significant trend in numbers throughout the entire Czech Republic
changed their numbers similarly in both habitat types. Thus a similar trend was recorded in 9
increasing species (Cormorant, Grey Heron, Mute Swan, Wigeon, Mallard, Goosander, White-
tailed Eagle, Common Gull and Kingfisher), 2 decreasing (Little Grebe and Coot), and one stable
species (Goldeneye). Similar uncertain trends in numbers were found in 8 less abundant species
(Whooper Swan, Shoveler, Red-crested Pochard, Ferruginous Duck, Scaup, Common Scooter,
Lapwing and Snipe). In another 17 species, we find differences in trends on standing and running
waters which can be related to the habitat preferences of the particular species (Hudec 1994;
Snow & Perrins 1999, Delany et al. 1999; Musil et al. 2001; Gillisen et al. 2002, Musil et al.
2008b). The numbers of 4 waterbird species (i.e. Greylag Goose, Pintail, Green Sandpiper and

‘large gulls’) increased only on standing waters, whereas 9 species (i.e. Great White Egret, Bean
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Goose, White-fronted Goose, Gadwall, Pochard, Tufted Duck, Smew, Grey Wagtail and Dipper)
increased only on running waters. Among these species, only numbers of Pochard increased on
rivers and conversely decreased on standing waters. Those species which are increasing only on
standing waters use these habitats more frequently in mild winters. On the other hand, 9 species
increasing only on running waters represent species with a general ‘strong increase’ in numbers
and/or species which avoid intensively-managed fish ponds. An increase in the importance of
non-freezing standing waters can be expected in the coming years in accordance with the global
climate change forecasts which predict milder winters across Europe, including the Czech
Republic (e.g. Huntley et al. 2007; IPCC 2007).

The changes in wintering numbers and distribution of particular species were affected by
many inter-correlated species-specific variables. Among these, a species’ eco-taxonomical group
and its trend in the Western Paleartic (Birdlife International 2004, Wetlands International 2006,
Figures 4a,b) were the most significant. The relationship between changes in wintering numbers
and distribution in the Czech Republic and wintering trends have been discussed in the previous
paragraphs. Amongst the various eco-taxonomical groups (Figure 3a, 3b), the most remarkable
increases in numbers and distribution were shown by the fish-eating birds, followed by the geese,
dabbling ducks, diving ducks, and gulls, while large inter-specific variability was found in
several groups, especially in the gulls. Only in waders did a decrease in numbers prevail. This
pattern of changes is similar to the published data for population changes in whole Europe (e.g.
Birdlife International 2004, Wetlands International 2006).

Moreover, we found that species with increasing wintering numbers were more frequent
in southern (especially on running waters) and rare species. This phenomenon can be explained
by the northwards expansion of wintering waterbirds in central Europe , similar to the changes

recorded in western or northern Europe (Maclean et al. 2008, Nilsson 2008) or expected for most
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of Europe (Huntley et al. 2007) in response to the expected climatic changes (IPCC 2007).
Finally, we found that species protected under Czech conservation law decreased more frequently
in distribution and in numbers on running waters. Negative trends of these species (e.g. Little
Grebe, Teal, Ferruginous Ducks) were not reversed by Czech conservation law. This result
corresponds with a similar analysis carried out on mostly terrestrial birds in the Czech Republic

(Vofisek et al. 2008).
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Table 1. Changes in distribution (correlation coefficient (r) and significance: * P < 0.05, ** P <

0.01, n.s. = not significant; n = 43) and changes in numbers in waterbird species 1966—2008

(multiplicative rate of change + std.err.) on all wetlands, rivers and standing waters. The trend

categories provided by TRIM software are: S| = strong increase; Ml = moderate increase; U =

uncertain; MD = moderate decline; S = stable.

Species Changes Changes in numbers
in distribution ) .

All Running Standing waters

wetlands waters
Little Grebe -0.367 0.973+0.002MD 0.974+0.002 MD 0.961+0.009 MD
Great Crested Grebe 0.182 n.s. 0.982 £+ 0.006 "MD 0.949+0.010 MD 1.009+£0.012 S
Great Cormorant 0.842 ** 1.172 £ 0.009 SI 1.194 £ 0.013 SI 1.109£0.011 SI
White Egret 0.778 ** 1.262 £ 0.064 SI  1.251+£0.048 SI 1.268+0.172 U
Grey Heron 0.916 * 1.045+0.002 Ml 1.046 £ 0.003 MI  1.043+£0.004 MI
Mute Swan 0.734 * 1.018 £ 0.002MI  1.019+£0.003 MI 1.013+£0.004 MI
Whooper Swan 0.047 n.s. 1.023 £ 0.020 U 1.022+£0.022 U 1.011+£0.068 U
Bean Goose 0.476 * 1.022 £ 0.015 U 1.063+£0.018 Ml 1.011+£0.034 U
White-fronted Goose  0.691 ** 1.114+£0.016 SI  1.157 £ 0.043 SI 1.081+£0.215 U
Greylag Goose 0.554 ** 1.160+0.018 SI  1.357+0.284 U 1.139+0.024 SI
Wigeon 0.726 ** 1.061£0.011 Ml 1.062+0.014 MI 1.047 £0.023 Ml
Gadwall 0.619 ** 1.163+£0.132 U 1.052+0.017 Ml 1.321+1.401 U
Teal -0.319 * 0.974 £+ 0.003 MD 0.957 +0.004 MD 1.005+0.008 S
Mallard 0.576 ** 1.008 £ 0.001 Ml 1.004 +£ 0.001 MI  1.014 £ 0.003 MI
Pintall 0.122 n.s. 1.016 £ 0.009 S 0.998 £+0.011 S 1.055+0.022 Ml
Shoveler 0.216 n.s. 1.018 £ 0.020 U 0.973+0.139 U 1.040+£0.034 U
Red-crested Pochard 0.392 * 1.051 £ 0.033 U 1.071+£0.040 U 0.994 +0.080 U
Pochard 0.276 n.s. 1.031 £0.006 MI  1.045+0.008 MI 0.965+0.012 MD
Ferruginous Duck -0.317 * 0.942 £ 0.032 U 0.943+0.033 U 0.993+0.041 U
Tufted Duck 0.685 ** 1.092 £ 0.006 SI  1.100 £ 0.008 Sl 1.011+£0.008 S
Scaup 0.114 n.s. 1.201£0.013 S 1.024 £ 0.015 U 1.015+£0.031 U
Velvet Scooter -0.206 n.s. 1.016 £ 0.016 S 0.977 £0.037 U 1.084 £+ 0.067 U
Goldeneye 0.181 n.s. 1.004 £0.003 S 1.005+0.004 S 0.995+0.007 S
Smew 0.236 n.s. 1.057 £ 0.009 Ml 1.056+0.011 MI 1.053+0.029 U
Goosander 0.672 * 1.021 £ 0.003 Ml  1.019+0.004 MI 1.030 £ 0.007 MI
White-tailed Eagle 0.874 ** 1.088 £ 0.007 SI  1.084 £0.012 Sl 1.088 £ 0.009 SI
Moorhen -0.202 n.s. 0.995+0.003 MD 0.996 +0.003 MD 0.953+0.008 S
Coot 0.013 n.s. 0.992 £+ 0.002 MD 0.993+0.002 MD 0.964 +0.006 MD
Lapwing 0.161 n.s. 0.980+0.031 U 1.007 £0.035 U 0.911+£0.313 U
Snipe 0.062 n.s. 0.905+0.036 MD 1.009 +0.028 U 0.784 £ 0.310 U
Wood Sandpiper 0.021 n.s. 1.006 £ 0.009 S 0.938+0.012 S 1.034 £ 0.017 Ml
Black headed Gull -0.251 n.s. 0.996 £ 0.002 MD 0.998 +0.002 S 0.973+£0.008 MD
Common Gull 0.336 * 1.052 £ 0.006 MI  1.061£0.008 MI 1.048+0.011 MI
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large gulls
Kingfisher
Grey Wagtail
Dipper

0.826 **
0.544 **
0.232 n.s.
0.096 n.s.

1.197 £ 0.014 SI
1.043 + 0.004 MI
1.071 £ 0.014 MI
1.013 + 0.003 MI

1.277 £ 0.169
1.041 + 0.004
1.071 £ 0.014
1.012 + 0.003

Ml
Ml
Ml

1.187 £ 0.019
1.057 £ 0.013
1.074 £ 0.078
1.052 + 0.031

Sl
Mi
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Table 2. Result of the GLZ model to explain effect of species-specific variables on changes in

numbers (multiplicative rate of change) in all investigated wetlands.

2

Species-specific variables X df P

Body size 0.091 1 0.764
Western Palearctic trend 17.742 1 0.0001
Wintering distribution in CZ 7.976 1 0.005
Wintering numbers in CZ 1.686 1 0.194
Western Palaearctic population size 0.036 1 0.849
Latitudinal midpoint 5.048 1 0.025
Species protection (Bird Directive) 0.264 1 0.607
Species Protection (Czech legislation) 3.651 1 0.056
Eco-taxonomical group 21.215 6 0.002
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Table 3. Result of the GLZ model to explain effect of species-specific variables on changes in

distribution (correlation coefficient between arcsin-transformed ratio of occupied size and year)

in all investigated wetlands.

Species-specific variables X df P
Body size 2.748 1 0.097
Western Palearctic trend 4.557 1 0.033
Wintering distribution in CZ 0.428 1 0.513
Wintering numbers in CZ 0.571 1 0.500
Western Palaearctic population size 0.325 1 0.569
Latitudinal midpoint 0.865 1 0.352
Species protection (Bird Directive) 1.719 1 0.190
Species Protection (Czech 5.475 1 0.019
legislation)

Eco-taxonomical group 25.282 6 0.0003
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Table 4. Result of the GLZ model to explain effect of species-specific variables on changes in

numbers (multiplicative rate of change) on standing waters.

2

Species-specific variables X df P

Body size 0.237 1 0.626
Western Palearctic trend 7.661 1 0.006
Wintering distribution in CZ 5.871 1 0.015
Wintering numbers in CZ 1.854 1 0.173
Western Palaearctic population size 0.522 1 0.470
Latitudinal midpoint 2.668 1 0.102
Species protection (Bird Directive) 0.002 1 0.964
Species Protection (Czech legislation) 1.773 1 0.183
Eco-taxonomical group 18.024 6 0.006

116



Table 5. Result of the GLZ model to explain effect of species-specific variables on changes in

numbers (multiplicative rate of change) on running waters.

Species-specific variables P df P
Body size 0.341 1 0.559
Western Palearctic trend 28.320 1 0.0001
Wintering distribution in CZ 8.787 1 0.003
Wintering numbers in CZ 2.464 1 0.116
Western Palaearctic population size 0.040 1 0.841
Latitudinal midpoint 9.768 1 0.002
Species protection (Bird Directive) 0.429 1 0.513
Species Protection (Czech 5.880 1 0.015
legislation)

Eco-taxonomical group 34.545 6 0.0001
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Figure 1. Relationship between changes in distribution (correlation coefficient describing trend in

the ratio of the number of sites occupied to sites counted) and changes in numbers (multiplicative

rate of change).
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Figure 3a. Changes in numbers (multiplicative rate of change) among waterbird groups.
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Figure 4a. Relationships between changes in numbers (multiplicative rate of change) in the Czech

Republic and changes in numbers in the Western Palearctic (Wetlands International 2006).
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Figure 4b. Relationships between changes in distribution (correlation coefficient describing trend
in the ratio of the number of sites occupied to sites counted) in the Czech Republic and changes
in numbers in the Western Palearctic (Wetlands International 2006)
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