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Abstrakt

PredloZend disertai prace pojednava o dvouighjicich se sezénnich fenoménech hrizd
a zimniho nocovani ptakv piirozenych stromovych dutinach. Krémiehledu hlavnich
ekologickych faktait pasobicich na ptakyipvyuzivani stromovych dutin a diskuse
problematiky ochrany dutinohnizdi piinaSi nasledujici konkrétni poznatky: A. Mira hmizd
predace (literarni data) u datlovitych pigRicidae) Evropy a Severni Ameriky je pénms
nizka (nicmén vyplergna mize byt az 1/3 hnizd) a souvisiggesnou hmotnosti jednotlivych
druhi. Velké druhy ,dath” trpi hnizdni predaci vice nez druhy malé nejskigdi nezbytre
vétSim vietovym otvakm, které jsou takifstuprgjSi predatoim. Na plerni hnizd se podili
razni predatéi (zdokumentovano 23 drahplazi, ptaci, savci) a ptaci proti nim sva hnizda
raznymi zpisoby brani (fimo atoky, nefimo blokovanim otvoru, vysem vhodnych
dutin/lesnich ploSek, nebo vhodnymtasovanim hnizshi). Velikost otvoru jako hlavni
faktor miry predace roztlje predatory na dvskupiny — malé a velké — a potenciéln
vys\étluje volbu strategie obrany hnizd&ifpa obrana je Zadouci hlavproti malym
predatoiim). B. Strakapoud velkyl¥endrocopos majgrfyzicky branil hnizdo proti
dominantnimu predatorovi/konkurentovi 8ka obecnémuSturnus vulgarisexperimentalé
vystaveny Zivy jedinec) a pozorovana intenzita oblawnich tymg obrany hnizda — zvenku a
zevnif dutiny — rostla s postupem hnénd. VyruSeni zpsobené predatoreméo za
nasledek prodlevu v krmeni ndlat, kterou ovSem ptaci nasleédkompenzovali zvySenou
frekvenci krmeniTento kompenzmi efekt se vyraziji projevil ve fazi starSich miéat,

kterd vyZzadujtasgjSi krmeni.C. Natni teplota uvnit stromovych dutin (= potencialni zimni
nocovist dutinovych ptak) byla odvisla od venkovni teploty a fyzickych chieteristik
dutiny. Vyrazrjsi vykyvy ve venkovni teplétmezi dnem a noci vedly v souvislosti

s nasledujicimi izokanimi vlastnostmi dutiny k tomu, Ze uvhdutiny bylo Ehem noci tepleji
nez venku. K pomalejSi zteatepla vedl mensi vletovy otvor a lepSi zdravotav stromu (~
lepSi izol&ni vlastnosti &eva). VylEr teplejsSi dutiny k zimnimu nocovani je tedy reainy
existuji pro ®j indicie i bez pedchozi zkuSenosti ptaka s nocovanim v danédutin



Abstract

In this thesis, | deal with two distinctive seadgrt@enomena of breeding and wintertime
roosting of birds in tree cavities. Besides thesprged overview of the main ecological
factors influencing the cavity nesting birds and ttotes on management of cavity nesters, |
brought up the following concrete results: A. Ne=tdation rate (literature data) in

European and North American woodpeckers (Picidaéw (but up to 1/3 of nests may be
depredated) and correlates with species body wetdatge woodpeckers suffer more from
nest predation than small ones probably due todamntrance sizes to nest cavities that are
more accessible to predators. Various predatory@deupon the woodpecker nests
(documented were 23 species; reptiles, birds, aachmals) and woodpeckers defended their
nests by performing various behaviours (directlystikes, indirectly by entrance blocking,
proper cavity/habitat selection, or timing of theeeding). Entrance size as the main factor of
nest predation rate divides the predators into gmoups — small (that can enter the cavity)
and large — and, in this respect, it may explai@ thoice of a defence type (direct defence is
demanded mainly against small predators). B. GS8aitted Woodpeckedéndrocopos

major) directly defended the nest against the dominast predator/competitor, the
European StarlingQturnus vulgarisexperimentally presented living captive indiviua
Observed intensity of both types of defence —+i$ide and outside defence — increased over
the nesting cycle. Disturbance by predator causethterruption in nestling feeding, which
was later compensated for by increased feedingirerqy.This compensatory effect was
more apparent in the stage of old (than young)lmgs that are more demanding for adults
in terms of feedindC. Nighttime temperature inside the tree cavitepdtential roosting

sites) correlated with ambient temperature and platsharacteristics of cavities. Larger
day-to-night fluctuations in the ambient temperatled in connection with following
insulation mechanisms of cavities to the positregderature increment of the cavity (cavity
minus ambient temperature). Of physical charactess mainly smaller cavity entrance and
better health status of the supporting tree ledltaver heat loss. The selection of warmer

cavities for roosting is thus possible and thernstethe cues for prospecting birds.



Podékovani

Pozorovani ptdkme bavi, vidim v 8m smysl| a i svych vychazkach za ptaky jsem vlastn
doSel az sem. Doktorské studiutit@m bylo mym prvnim blizkym setkanim 8dou, ale ne
prvnim pokusem&du cElat. Fredtim jsem si jednoduSe myslel, Ze data se rost
.Zpracovavaji“ a&lanky ,pisi.“ Byl to omyl a v souvislosti s tim bychgl odavodnit
nésledujici: tato disertai prace obsahuje mnohem mémformaci (publikovanyckilanki),
nez jsem na Zatku svého studia planoval (slibil). Zatimco jseamy. trapil s psanim dvou
reviews vlastni terénni data sedimentovala v Supliku,\d&ina z nich lezi dodnes. Tohle
téma pro mi zkratka bylo nové, tak trochu mne zahltilo arpbbval jsem si odm predevsim
udélat néjaky celkovy obrazek.

V doké mého doktorského studia mne provazelkatik osob, jejichZ blizkost pro
mne byla dlezita. Redre dekuji svému Skoliteli Karlu Weidingerovi, Ze mne swkritickym
piistupem pinutil piemyslet o tom, codiam. Velké diky pat Lucii Turéokové, ktera se
béhem svého doktorského studia prala se stejnymil@mopjako ja aasto jsme se s nimi
prali spoléné. Tomas Koutny mne inspiroval svym akademickyiistopem ,neakademika“
a snad neustavajici ochotou bavit se o ptacichq@ajme, Ze i caji). Za to druhé a za
vSechny nakreslené obrazkgkdji renesatnimuclovéku Martinu Valaskovi. Vladimiru
RemesSovi, Peteru Adamikovi, Radku Hamplowiindu Novosakovi a Beithu Turkovi (1)
vdécim za vydatnou badatelskou inspiraci (od kazdédm@nou). Za nejnadSejsi
praktické zoology, tj. ty, ki€ maji ke zviatim opravdu blizko, povaZuji Vaclava Berana,
Petra Pavlika a Karla Kokrdu (velmi ghimspirovali k pobytu v firock). Velice dkuji
Jitimu Sladékovi, ktery mi vyrobil perfektni kamerovou sestdvprohliZzeni dutin. Beat
Matysiokové dkuiji predevim za spoieé stravené chvile v kanclu®, Liboru S&kovi a
Karlu Kudelovi za dinné povzbuzovani v osobnim i pracovnim zévéionzovi Misikovi,
Zdenku Tyllerovi a Jardovi Kolékovi deékuji za spolupraci a hlawea to, Ze mi na séb
hezky ukazovali mé vlastni chyby. Za nenapadnausithou a dlouhodobou podporu a
hlavré pochopeni pro&co, co snad ani nejde pochopit, moc a méaj Lucii Stépanové,
V¢ére Kollarové a celé mé rodinMamce paf dik za nikdy nekotici cesty na vlak; tata (1)
mi ukazal cestu kijrodé polabskych plani a k domacim #atiim a to mi uz #stalo.

Téch lidi bylo ukité jeSe vice, snad se ti nejmenovani neurazékud i jim (zejména
Jaré Stpankové). Také &uji ptakim, Ze tak hezky zpivali a strém, Ze to ustaly.



Uvod

Prirozené stromové dutiny jsou velice svéraznym pealin uz jen proto, Ze jsou S@sti
mnohdy stale je&tZijiciho organismu — stromu. Navic jsou pouzéadmym prosedim,
ovSem s dlouhodobou dynamikou vzniku a zanikuiatjejabidka je obvykle nizka oproti
alternativnim tygm prostedi (Lindenmayeet al. 1993, Wesotowski 1995).

Stromové dutiny obyva cefada organisiin od rozmanitych mikroskopickych forem,
pies hmyz, az po ptaky a velké savce (Rakuerbach 1954, Carlsoet al. 1998, Gibbonet
al. 2002), gicemz typickeé je zejména vyuZziti stromovych dutingakist k rozmnozovari
odpainku. Mezi taxonomickymi skupinami organifree liSi zastoupeni drilvyuzivajicich
dutiny (Hansell 2000), mezi jednotlivymi ,dutinovyhadruhy se zase liSi frekvence vyuziti
dutin oproti alternativnimu ,,otéenému” prosedi (obligatni x fakultativni uzivatelé dutin;
viz Newton 1994) a nebo preferované vlastnostinrd{wesotowski 1989, Li & Martin 1991,
Carlsonet al. 1998).Struktura spol&nstva dutinovych organisnse ngéni s r&ni dobowi
st&im dutiny a toto $tdani obyvatel dutiny jefipodobovano k potravniniettzcim
(koncept tzvnest websMartin & Eadie 1999, Martiet al. 2004). Nekteré organismy maji
schopnost dutiny aktivnvytvéret (primarni obyvatelé dutin),demuz ale pdgebuji vhodny
substrat fipraveny dalSiméiniteli, zejména tevokaznymi houbami (Jackson & Jackson
2004), gipadré nekterymi ekologickymi disturbancemi (napoZzary; Saabt al. 2002).
Ostatni dutinové organismy (sekundarni obyvatetijljsou zavislé na aktuairexistujicich
volnych dutinach, alegkteré z nich dokazi ukistit i cerstw vydlabané dutiny primarnich
obyvatel (Ingold 1989).

Jednou z hlavnich modelovych skupin orgariisryvajicich stromové dutiny jsou
ptaci, ktéi v dutinach hnizdi a nocuji (da&stou modelovou skupinou jsou stromovi
netopyi; viz nagr. Sedgeley 2001). Frekventovanym tématem badasjmeéna vyuziti
stromovych dutin ptaky k hnizdi, ocemz s¥d¢i mnozstvi publikovanych praci (pro nastin
problematiky viz nap Bednarzt al. 2004) a ptddani specializovanych konferenci (hap
serialHole breeding passeringgiz Mazgajski 2008, http://www.hole-breeding-
meeting.ap.siedlce.pl/). Hnizdni biologie dutindvyataki ma réktera specifika. K
nejobecgjsSim (i kdyz ne vzdy platnym) pozndihk pati, Ze dutiny skytaji ptdm hnizdim
lepSi ochranuied predatory a negativnimi vlivy pasi nez otaeny prostor, ale na druhou
stranu je o & svadna intenzivni konkurence a vzhledem k opakovanéyoiditi byvajicasto
zamdeny parazity (Nilsson 1986). To vy&luje evoluci rkterych Zivotnich znak—



dutinohnizdéi maji nag. kvali nizSimu riziku hnizdni predace prodlouZzenou dbbizdni
p&e (Martin 1995) a sekundarni dutinohnizanaji wtSi snmiSky, coz je vysstlovano
limitaci nabidkou dutin, které si tito ptaci neudfabat (Martin 1993). Stromoveé dutiny i
vlastnosti dutino¥ hnizdicich ptak jsou dosti variabilni, coZz se nasleéddrazi i na
promenlivé intenzit pasobeni uvedenych fakibavySe uvedend jednoducha schémata
nemusi platit vZdyBiologii hnizdni ptaki ve stromovych dutindch proto rozheédmelze
povazovat za zcela probadanou, mimo jiné i pratanhohé zawy pochazeji ze

studia hnizdnich budek a nemuségg odrazet situaci vifrozenych dutinach (Mgller
1989, Purcelkt al. 1997).

Dalsi divody zajmu o hnizghi ptaki ve stromovych dutinach pochézeji z okruhu
biologie ochrany firody. Stromové dutiny jsou totiZ pro svou vazbusteé porosty a
odumirajici devo gimo ohrozovany lesnickym hospddaim (Scott 1979, Donakt al.
1998, Eyre 2010). To ovSem neznamend, Ze jsouakutindti vZdy ohrozZeni. Tato skupina
zahrnuje jak extrémnohroZzené druhy ptaék jako je nap. strakapoud kokardovyP(coides
borealis IUCN 2010) Zijici na Flori&, tak i druhy Bznéci dokonce introdukované do jinych
oblasti a tam utiskujici mistni faunu — takovyfikiadem je zejména Spek obecny $turnus
vulgari9), ktery byl introdukovan napv severni Americe (Ingold 1989, Kerpez & Smith
1990). Ani divody pripadného ohrozZeni nejsou jednotné. Zatimcd.nap WtSinu
dutinohnizdtu je limitujici vyskyt mrtvého teva, pro zmiéného strakapouda kokardového
znamena nast mrtvé devni hmoty po omezeni fjjpozenych” pozat fatalni konkurenci
datla chocholatéhd{yocopus pileatus Podobné poznatky proto motivuji ke vzniku ddiSic
studii na dalSich druzich a populaciClthranésky dilezitym faktem taktéz je, Ze primarni
dutinohnizdti (zejména datloviti ptaci) urychluji vznik dutipti pozvolnym rozkladnym
procesim a jsou tedy kéiovymi druhy pro cela spatenstva dutinovych organign{Martin &
Eadie 1999, Martirt al. 2004). Problematika ochrais&é biologie ale igsahuje hranice
jednotlivych hnizdnich gild naptim, Ze dutinohnizdi si mohou konkurovat s otésns
hnizdicimi ptéky (Boclet al. 1992, Martin & Eadie 1999) neposlednfac je treba zminit,
Ze k dutinovym ptakm ma silny vztah v@jnost, ccemz s¥dci mnoZzstvi vy¥Sovanych
hnizdnich budek — ughych dutin — které jsodgastym (Zasadil 2001, Bluebirds Unlimited
2010), l& v nekterych aspektech spornym (viz iaBocket al. 1992) zgisobem praktické
ochrany dutinohnizdi.

Ve srovnani s hnizaim je zimni nocovani ptékve stromovych dutinach p&kud
opomijenym tématem (viz Yky & Kristin 2007). V rkterych ohledech, n&pz pohledu
ochrany pirody, nevyZaduje toto téma specialni pozornosp. vyvésené budkyi dutiny



v nevygzenych porostech mohou st&polre slouzit k hnizéhi i k zimnimu nocovani.
Nicmére faktory vylEru dutiny k nocovani se mohou lisit agth, které se uplatji pri
vybéru dutiny k hnizdni. V zing jsou jiné klimatické podminky,fpnocovani nejsou ptaci
dlouhodol vazani na jedno misto (mohou noco¥i&stji stiéidat) a mohou vyuZzivat i mensi
a otevergjSi dutiny, nez jaké jsou p@tba k hnizéni (Moore 1945). Vybr mista k nocovani
je ovdem jen jednou ze slozek biologtefivani zimy, kterd je kritickym obdobim v Zi¥ot
rezidentnich ptakobyvajicich vyssi ze#pisné Siky. Zajem biolog sec¢asto souseduje na
fyziologické jevy @imo souvisejici s energetikou organismzimnim obdobi, jako je nap
hypotermie (Mayeet al. 1982, Reinertsen & Haftorn 1986), sezénni aklinsate (Cooper &
Swanson 1994) management tukovych zasob (Pravosudov & Grubly 198ybsr

nocovisE z pohledu energetiky nocovani potoesi jen malo praci (Kendeigh 1961, et
al. 2010), &koli potencialg ma velky vyznam, protoZze denni ptaci travi v&ima

teploty a neni mozné sbirat potravu. U gtdkznych hnizdnich gild byl pozorovan Wb
piihodrgjSich mist k nocovani podlézanych kriterii wetné mikroklimatu(Mayeret al. 1982,
Walsberg 1986, Webb & Rogers 1988, Cooper 1998)n&iva dutina se z tohoto pohledu
jevi jako vyhodné nocovist protoze do jisté miry izoluje metabolické teplaavané
organismem, coz vede ke zvysSeni teploty na noddidst Plessis & Williams 1994, Du
Plessiset al. 1994, Cooper 1999). Nicmé&nZ v neobsazené duife prihodrejSi mikroklima
nez ve venkovnim pragidi (McComb & Nobble 1981, Du Plessisal. 1994, Sedgeley
2001, Wiebe 2001).iffozené dutiny se navic ve svych mikroklimatech(&edgeley 2001,
Wiebe 2001), coz jetpdpokladem pro vy vhodnych nocovis

Motivace a cile disert&ni prace

V této disertani praci se zabyvam ekologickymi faktor§igmbicimi na dutinoveé ptaky —
zejména hnizdni predaci, konkurenci o dutiny &fm mikroklimatem dutiny v zimnim
obdobi — a to z nasledujicichwbdu:
. MnoZstvi publikovanych praci na téma hréizdptaki ve stromovych dutinach je
obrovskeé a je¢tké udlat si rychlou, ale festo ucelenouipdstavu o hlavnich

ekologickych faktorechigsobicich na dutinohnizth. Hodilo by seeview které
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Konkrétni

by zvySilo poedomi o této problematice u tuzemskych ornitdlagdidi, ktei se
vénuji praktické ochrandutinohnizdiu.

niZsi oproti oteterg hnizdicim ptakm. Dosavadni srovnavaci studie (hdgice
1957, Martin & Li 1992, Johnson & Kermott 1994, Marl995) ale zahrnuji jen
malo datovych bail(druhy nebo populace) a v ramci dutinohndadiyswetluji
pouze hrubé rozdily mezi primarnimi a sekundarmintinohnizdéi, ale uz ne
variabilitu uvnif téchto skupin ani fipadné souvislosti jako je podil predace na
mortalitt hnizd, spektrum predatoa obrana proti nim.

Obrana hnizda fize byt v rozporu s dalSimi prvky r@divské pée. Neni znamo,
jaky je vztah intenzity obrany hnizda a krmenidi@tu primarnich
dutinohnizdka, kteri jsou pod velkym tlakem hnizdnich konkurte(ti se rekdy
chovaji podob#jako predatti) nuceni sva hnizda intenzigranit.

Ackoli stromoveé dutiny jsou povazovany za vyhodnaawigie ptaki v zimnim
obdobi, faktory, které duji jejich mikroklima a mohly by tak byt voditky @r

ptaky @i vybéru dutiny k zimnimu nocovani, nejsou dostateznamy.

cile disertai prace proto jsou:

Vytvofit uceleny ale stiény literarni grehled aktuélnich poznatlo hlavnich
ekologickych faktorechigsobicich na ptakyiphnizcni ve stromovych dutinach.
Analyzou literarnich datipzkoumat dosavadnfgustavu o nizké g hnizdni
predace primarnich dutinohnizdia zangfit se na vysstleni variability v rdmci
této modelové skupiny; shrnout literarni data oijpopredace na mortatithnizd,
prokazanych predatorech a olgdmizd proti nim.

Zjistit efekt experimentakhvyvolané obrany hnizda na krmeni didéd u
strakapouda velkéh®endrocopos majgra gipadny nasledny kompenzd
efekt v podob zvySené frekvence krmeni a to ve vztahu k fazz dimii
(malé/velkd ml&ata).

Popsat néni mikroklima ve stromovych dutinach (potencialocavise ptaka)

béhem zimniho obdobi a zjistit jeho hlavni korelaty.
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Tato disertani prace zahrnujétyii publikované praceRgispévky I, I, lll a V ; viz priloha)
a jeden dosud nepublikovany rukogiicpévek 1V). V nésledujicim textu propojuji
poznatky z dilich praci, uvadim dopjici piklady a pohledy na problematiku a v Zav
prace vyvozuji 8kolik postehi tykajicich se ochranytsody. MetodyieSeni cil disert&ni
prace jsou uvedeny v metodikach jednotlivych publénych praci (vizitloha), gipadre je

na ré upozorrno v textu (nepublikovana data).
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Hnizdéni ptaka ve stromovych dutinach

Hlavni ekologické faktory gsobici na dutinohnizdie (Prispévek I)

Stromové dutiny i dutinovi ptaci jsou ve svych prach velmi variabilni. Akoli dutiny jsou
do jisté miry uzakenym prostedim od svého okoli, jejichitbZitou charakteristikou je
paradox® praw jejich otevenost, jejiz mira je variabilni (obr. 1)ieBny gedil mezi dutinou
a otewenym prostorem je proto mozné stanovovat jen apitr Otewenost dutiny a dalSi
morfologické charakteristiky maji potom své bioldg disledky — otetenost
charakterizovana velikosti otvoru je fiaprediktorem mikroklimatu v dutéin(na.
Piispévek V) a rizika vyplerni hnizda Prispévek Il). Definice dutinohnizdii a zejména
jejich klasifikace do podskupin (fakultativni/obditni, primarni/sekundarni) je taktéz
problematicka atizné pokusy o takovéitiéni se proto mohou vyrazniSit (Prispévek I,
srovnej s Newton 1994). Dutinohnizidjsou ovliviiovani rekolika hlavnimi ekologickymi
faktory, konkrétd omezenou nabidkou dutin, mezidruhovou konkurdmdgzdni predaci,
zamdenim hnizd ektoparazity a fyzikalnimi faktory ptesti a navic se éize liSit biologie
hnizcni ptaki v ptirozenych dutinach oproti hnizdnim budk&@dpowdi na misobeni &chto
faktoni je zejména vy&r vhodné dutiny (kritéria se ovSem mohdaanit a dokonce byt

v protikladu), pip. urité chovani rodiu (nag. obrana hnizda, zpo&udi hnizani, zvySena
frekvence krmeni) a v neposledatk prizptisobeni Zivotnich historii (n&pvelikosti smsky,

délky pobytu ml&at v hnizd; Prispévek I).

Omezené nabidka hnizdnich dutin

K limitaci velikosti populaci sekundarnich dutinébaica nabidkou dutin dochazi v mladSich
lesnich porostech a nedostatek dutitgsto gipisovan lesnickému hospa@ai (Newton
1994, Eyreet al.2010). Nejde ovSem jen o prostycpeodutin, ale také o jejich distribuci

v prostoru (Newton 1994, Loyn & Kennedy 2009) amanitost nabidky (Remt al. 2008).
Limitujici mohou byt jen vhodné dutiny, o kterégmto vedena konkurence (Nilsson 1984,
Newton 1994). Limitni nabidkou dutin je vydlovana evoluce &tSi sriSky sekundarnich
dutinohnizdéa (Martin 1993, ale viz Beissinger 1996, Wieddeal. 2006). Lokal limitujici
nabidka dutin iize napomahat souzitiznych ptaich gild navzjem si konkurujicich o
potravu (otevere x dutinov hnizdici druhy; Boclet al. 1992, Martin & Eadie 1999).
Primarni dutinohnizdi se nedostatku hnizdnichilezitosti vyhybaji dlabanim vlastnich
dutin, ale mohou byt limitovani vhodnym substrat@artin 1993, Scheppst al. 1999)¢i

13



% /s
Obr. 1: Schematické znazo¥ni nejednozn&nosti pojmu ,stromova dutina.” Mezi relatign
L=uzavwenou" dutinou (zcela vlevo) a ot@nym prostorem (zcela vpravo) lze vymezit
piinejmensim jestdalSi varianty, které by se daly nazvat jako ,pofina“ (druhy obrazek
zleva) a ,vyklenek" (teti zleva). Tato variabilita v ot&snosti dutin, zohledm& nap.

hlavnimi typy ptaich budek (najp sykornik x rehkovnik; Obhlidal 1977, Zasadil 20y
méla byt uvazovana ifpstudiu girozenych dutin a jejich obyvatel.

mezidruhovou konkurenci o jimi vydlabané dutinystiany sekundarnich dutinohniii
(Ingold 1989, Smith 2005).

Mezidruhova konkurence

K mezidruhové konkurenci o dutiny dochazi zejmémaistech s nedostatkem dutin, ale ptaci
si mohou konkurovat o tité preferované dutiny i v mistech na dutiny bobhtyKonkurence
mnohdy fisobi protictidneé k dalSim faktolm, tj. dutina vyhodna z jiného pohledu (hap
nizsiho rizika predace) setire stat nevyhodnou diky konkurenci (Nilsson 1984r|<dnet
al. 1998; viz také poznamky u jednotlivych fakiarize). Konkurence ale nemusi byt
vSudygitomna atasto pozorovanéigty ptaki u dutin nejsou jejim dostateym dikazem,
pokud nevedou ndpke smrti jednoho z protivnik(viz Merila & Wiggins 1995¥i jeho
mladat (nag. Walters & Miller 2001; tzv. letalni efekty)fip. jinému negativnimu ovlivimi
biologické zdatnosti (tzv. neletalni efekty). Obagroti konkurentm zahrnuje vybr vhodné
dutiny (nag. s mensim otvorem, kudy se konkurent neprotdhobkib et al. 1995),
zpozdni hnizani oproti konkurentovi (Ingold 1989, ovSem viz WeeBO03Xi ptimou
(fyzickou) obranu hnizda (Wiebe 2004).

Hnizdni predace

Mira hnizdni predace je u dutinbkinizdicich pték nizSi nez u otaen hnizdicich ptak
(nejnizsi je u primarnich dutinohnizdj Nice 1957, Nilsson 1986, Martin & Li 1992jmz
je vyswtlovano prodlouzeni doby hnizdnigeéo mla’ata u dutinovych ptak(Martin 1995).
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Predace ovSemigtava nejastjSim divodem ztraty hnizda atkdy dosahuje i vysoké miry
(70 %; Walankiewicz 2002). ProtoZe riziko vyptanhnizda se liSi mezi dutinami, mohou si
ptaci k hnizdni vybirat bezpéngjsi dutiny (vySe nad zemi, s mensim viletovym otugre
Nilsson 1984, Walankiewicz 1991), o které ale wsslosti s tim niZe byt svasna
mezidruhova konkurence (Nilsson 1984, Carlebal. 1998). Dutinovi ptaci ale brani sva
hnizda proti predatém i prfimo, podobs jako gred agresivnimi konkurenty (Kral & Bk
1992, Fisher & Wiebe 2006a).

Zamoieni hnizd ektoparazity

Ptaci dokazi rozpoznat a vyhybat se dutindm s fgr@zhristeet al. 1994). Ne vzdy se ale
vyhybaji dutinam se starymi hnizdy, jak by se dakxpokladat. Staré hnizdoide byt totiz
signalem nizsiho rizika predace v dét{®Isson & Allander 1995) aiie v rem byt
dokonce mé#parazifi nez v prazdnych dutinach (Mappetsal. 1994). Problém ektoparaiit
v hnizdech ptakje tedy sloZijSi nez se zda uz proto, Ze ve stromovych dutie&dtuji
cela spoléenstva ptéich parazit a jejich predatar nebo parazitoid (Daviset al. 1994) a
stary hnizdni material se zddibe rozkladat nebo byt ptaky vynasen (WesotowskD200
Mazgajskiet al.2004). Riziko parazitac# jeji negativni efekt jsou ptaci schopni zmirnit
(ptip. kompenzovat) také pouZzitimciteho materialu ve vystelce (Gwinnetral. 2000) nebo

¢astjSim krmenim parazitovanych ndlat (Tripetet al. 2002).

Fyzikalni faktory prost iedi

Dutiny chrani hnizdafed pisobenim péasi, ale skteré mohou byt napvyplaveny degm
(Radford & Du Plessis 2003), nebo v nich hrozikezprehrati sriSky (Inouyeet al. 1981,
Nilsson 1986). Omezena velikost \mitho prostoru dutiny zase potenciabnizuje komfort
mladat. Takovym negativnim vlivm mohou ptaci fedchazet napvybérem vhodg
orientovanych dutin vzhledem keéovym stranam (Gaedecke & Winkel 2005),
prizpasobovanim velikosti s¥ky objemu dutiny (Karlsson & Nilsson 197 7§ipadre
dlabanim vlastnich dutin sdlma miru u primarnich dutinohnizdi(Inouyeet al. 1981,
Wiebe 2001). O vhodné dutinyide byt vedena konkurence (Gustafsson 1988).

PFirozené dutiny versusumélé hnizdni budky

Hnizdni budky mohou vést ptaky k odliSnému choved firozené dutiny. Nkterymi ptaky
jsou vnimany jako atraktivni mista k hnénd (obr. 2) a mohou vyraZrzvySovat jejich
pocetnost (Drent 198 Mlewton 1994). V #kterych gipadech byla v budkach zj#ia

15



Obr. 2: Budky jsou undly systém a zcela nereflektuji vliastnosirgzenych dutin. Jsou
obvykle wtSi nez pirozené dutiny daného druhu — iapbvykly sykornik (vlevo) mize mit
vétSi objem nez dutina mnohenitsiho strakapouda velkého (vpravo). To jrakzejme
umoziuje klast v budkach&si srasky. Navic, dikyisteni, presné velikosti otvoru pro dany
druh, zabranam proti predaton a odolnosti u¢i pocasi jsou budky obvykle bezfgymi
misty k hnizdni. Pravidelné (= ddle predvidatelné) rozmi&hi v prostoru, vizualni
uniformita budek a jejich napadnostikwmisi&ni mimo kmen mohou ovSem vybizekteré
predatory (kuna, strakapoud) ke specializaci na¢piehnizd v budkach. ,Budkové” studie
by meély presre popisovat rozriéry a zmsob vywSeni budek a @é o r¢, protoZe to vSechno
muZe ovliviiovat sledované prognné (Lambrechtst al. 2010).

(obousndrné) odliSna mira hnizdni predacaéto ale nizsi) a zastoupeni hnizdnich predator
(opomijeni i specializace na ptar budek; Nilsson 1984, Purceli al. 1997, Miller 2002),
¢asovani hnizghi (Casrgjsi; Purcellet al. 1997), velikost siisky a produktivita ($tSinou

vySSi; Purcelket al. 1997), zamieni hnizd parazity (obousitmé rozdily; Maller 1989,
Wesotowski & Staska 2001). Vy¥Seni hnizdnich budekiae mit vliv na slozeni
spole&enstva ptak (Bocket al. 1992). Zary vyvozené pouze ze studia budkovych populaci
(napr. velka siiSka sekundérnich dutinohnizdl proto mohou byt zkreslenym obrdzkem o
Zivoté dutinohnizdia (Mgller 1989) a ochrana dutinohnizélipomoci masivniho vygovani

budek nemusi byt vhodnyreSenim.

Letalni efekty hnizdni predace a konkurence o duytigPFispevky Il a Ill)
Zatimco vyplegni hnizda a zkonzumovani jeho obsahu (vajec nebdat)l rejakym
Zivocichem je nepochybnou prefitd udalosti, v fipad konkurence mohou nastavazné
situace: Jednou z hypotetickych moznostifgdpostni obsazeni vhodnych (nebo vSech
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piitomnych) dutin konkurentem, které znamena jejicb@stupréni pro ,postizeny” druh
(exploat&ni konkurence). Konkurence o dutiny ateje¢ neprobiha takhle ,mirumilow,
protozZe ptaci se u dutin fyzickyretavaji a dosavadni majitelitre (ijit o jiz obhajovanou
dutinu (interferetni konkurence; viz naplngold 1989). V obou jmenovanychipadech je
slabsi druh nucen zahnizdit v iégtihodnych dutinach nebo nezahnizdbgc (neletalni
pusobeni), v druhémifpact mize ale byt zrain ¢i zabit (letalni isobeni; Merila & Wiggins
1995). Variantou letalnihoigobeni konkurence, ktera mne v této praci nej\égienala, je
vypleréni dutiny s aktivnim hnizdem (Zi@ni vajeci zabiti mlarat, vyhozeni obsahu hnizda
z dutiny¢i zasta¥ni materialem; Walters & Miller 2001) i€stoZe i zde je chovani
konkurenta obvykle motivovano ziskem dutiny k hetriclz pohledu slabSiho je takova
situace obdobna vypléni hnizda predatorem. Tékdy vede k zahrnovani posledniho
jmenovaneho typu konkurence o dutiny pod pojemdmiipredace v Sir§im slova smyslu
(Walters & Miller 2001) a drzim se toho i ja v té&sert&ni praci (vizPiispévek I1).

Nemglo by to ale vést k zastiranfipadnych ekologickych rozdilmezi €mito jevy, protoze
predatdi mohou gednosts plenit jiné dutiny nez konkurenti (Nilsson 1984ster & Wiebe
2006Db).

Mira hnizdni predace

Datloviti ptaci jsou tra@dné povaZzovani za skupinu trpici jen malo hnizdni pogdTo bylo

z velkécasti potvrzeno i analyzou literarnich dat na evkgpk a severoamerickych ,datlech”
(Piispévek 11). Mira hnizdni predace se pohybovala od nuly d&s3Bnedidn = 13 %) a
hnizdni GspSnost od 42 do 100 % (median = 80 %). K zajimavjstenim mj. patilo, Zze
stejna. Spise nezimému efektu hmotnositla to nas¥dcuje roli velikosti vietového otvoru
do dutiny g pasivni obra# hnizda. Vletové otvory byvaji u primarnich dutinddica
vytesany pesré na miru, ¥tSi druhy si logicky musi dlabatgi vietové otvory a ty jsou zase
piistuprgjsi vétSimu pd@tu predatol (viz Wesotowski 2002). Vysledky zaraveasedéuji
rozdilnym divodam hnizdnich ztrat u malych a velkych diudatlovitych ptak, protoZze na
priblizné stejnou hnizdni uggnost byl nalezen rostouci podil predace na cetitogjratach
hnizd (obr. 3). PouZita literarni data ovSem majohe nedostatky, namievazujici nizky
pocet hnizd ve studiich (median = pouhych 35 hnizdimam 1 303 hnizd). Mala velikost
vzorku pravdpodobr vede k podhodnocovani skémé hnizdni usfgnosti, ktera je

prirozere vysoka. ,Ulétnuti“ hodnot stmem nahoru je tedy omezeno &si odchylky proto
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Obr. 3: Zavislost denni miry predace (A) a podilu predaeelkovych ztratach hnizd (B;
pramér, rozsah) na hmotnostila ,datla“ neni lineérni, ale spiSe logaritmickeo{gej

s Piispévek I, Fig. 1). Ri urcité tlesné velikosti, ktera znamen&mou minimalni velikost
vletového otvoru do hnizdni dutiny, je jiZz dutindgspupna ¥tSin¢ hlavnich predatdéra mira
hnizdni predacé podil predace na celkovych ztratach hnizd sagzvySuje tak rychle
pravdpodobré kvili jinym zpisohim obrany hnizda nez je néma (pasivni) obrana
negistupnosti dutiny (prazdné body: severoamerick@yrpiné body: evropskée druhy).

nastavaji sirem doti (Piispévek I, Fig. 2; srovnej s Beintema 1996). Navic, odhady
hnizdni aspSnosti (¢etné Mayfieldovy metody; viz Weidinger 2003§t&inou zahrnuji
nerealny pedpoklad homogenity denni mirygzivani hnizd &em hnizdniho cyklu a prace

feSici tento nedostatek jsou vzacné (Fisher & WaSHISD).

Predatori hnizd

Hnizda evropskych a severoamerickych jiatlyla plerena 23 druhy predatérjeden plaz,
osm ptak a 14 druld sava,; Prispévek Il), které se ovSem vyrazmeliSi od predatdrjinych
typa pttich hnizd (Thompson 2007, Weidinger 2008jjimkou jsou specializovani
konkurenti o dutiny (odcizovéani ,hnizd“ je typickéjména pro dutinyi uzawena hnizda;
viz Lindell 1996), zejména Spek obecnylU ne¢kterych predatdr, nag. hlodavd, jsou
duvody k vyplergni hnizda evidenthsmiSené (potrava + zisk dutiny k postaveni hnizda;
Adamik & Kral 2008) Mensi pa@et zjiSenych predatar mize byt disledkem ztizené
pristupnosti dutin progkteré typické predatory otégsnych ptéich hnizd (nap velké
krkavcovité ptaky, Corvidae; viz Thompson 2007, tMeger 2009), ale také menSiho

vzorkovaciho usili (Weidinger 2008 redace je oportunisticky jev a predatorefzenbyt
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prakticky kazdé zwe schopné se k hnizdu dostat a zkonzumovat (nébéimn slova smyslu
znicit) jeho obsah. To se ale vipact nékterych druhovych kombinaci predator Xisb mize
stavat teba jen pilezitostre, nagiklad pro evropské kunyartesspp.) jsou hnizda
strakapouda velkéh®endrocopos majorvétsSinou nedobytna (Kosinski & Winiecki 2004) a
k jejich vypleréni dochazi jen vzaera za ugitych okolnosti (ztrouchnisté dievo; Prispévek
[I1'). V souvislosti se schopnosti protdhnout se vigtoetvorem daného druhu iisti 1ze
predatory rozdit na relativie malé a velké. Pokud aijit ,velci* predatdi vyplenit hnizdo,
musi otvor nasilé zvétsSit nebo probourat &y dutiny Pirispévek 111, viz také Misik 2009),
cozgini velkd a silna zvata jako jsou v extrému niapneddi baribalové (rsus
americanusWalters & Miller 2001) Literarni data o predatorech hnizd datlovitych ptigk
ovSem nutno brat spiSe jako origmtia jako motivaci k dalSimu studiuvétSina

Z uvedenych predatje totiz neadekvathzdokumentovana (némé dikazy) a
vychodiskem z této situace je pouzest|sSi uziti videomonitoringu hnizd (Thompson 2007,
Weidinger 2008).

Obrana hnizda — literarni data

Obranu hnizda |ze orieria rozctlit do dvou hlavnich tyf. PFimé obrana hnizda snizuje
riziko vypleréni hnizda, ale rode @i ni v rizné mfe riskuji vlastni Zivoti zdravi
(Montgomerie & Weatherhead 1988, Caro 2005). Z&ineju obranu hnizda Ize povazovat
chovani rodiu snizujici riziko vyplegni hnizda, které népdstavuje zvySeny risk pr@&n
samé (Martiret al. 2000).

Sebrana literarni data ukazala, Ze datloviti gaéni sva hnizda proti predaiar
piimo utoky a blokovanim otvoru do dutindy,negimo vybirem vhodnych dutin/lesnich
ploSekei vhodnym ngasovanim hnizshi (Pirispévek I1). Pfima obrana hnizda u datlovitych
ptaki je popisovanadtSinou na zaklatinahodilych pozorovani a doposud byly publikovany
jen dw cilené (experimentalni) studie — datel zl&@@pkaptes auratusv nich branil hnizda
proti modehm predatoit Spaka obecného &kari ¢erveného Tamiasciurus hudsonicus
Wiebe 2004, Fisher & Wiebe 2006a). Niepa obrana hnizda je obvykle interpretovana ze
zmen rizika predace podle umési hnizda neboasovani hnizthi a takoveé zairy spiSe nez
na skuténou obranu ukazuji na potencial obrany hnizda.,J&eyé i nepimé obrag
hnizda hraji roli, jsou detektabilita dutiny preat&m, obtiZnostifistupu k dutig a do dutiny.
Konkrétnimi faktory rizika predace hnizd datlovityptaki jsou vysSka hnizda nad zemi
(Fisher & Wiebe 2006b), velikost otvorRi{ispévek I1), hloubka dutiny (Fisher & Wiebe
2006b), vlastnostiigva (Walters & Miller 2001), stddutiny (Nilssoret al. 1991), okolni
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biotop (Rolstackt al. 2000, Fisher & Wiebe 2006b)asovani hniz&hi (Wiebe 2003, Smith
2005). Téma obrany hnizda u datlovitych [itél si zaslouzilo hlou}ji probadat — zejména
ve vztahu k vySe navrzenéméehi predatal na relative malé a velké, protoze kazda
skupina zejme¢ vyZaduje jiny typ obrany hnizda (mali predatpiima fyzicka obrana,
zhorSeni detektability affstupu k dutig, vhodné n&asovani hnizghi; velci predath: ztizeni
piistupu do dutiny). Zde se nabizi zajimavéa syntégigkost otvoru jako hlavni faktor miry
predace roz&luje predatory na dvskupiny — malé a velké — a potenciluyswtiuje volbu
strategie obrany hnizd@ywveéieni toho, zda to tak funguje, ovSem vyzaduje dalglium
modeh predatoi ¢i nejlépe Zivych jedini, u kterych by mlo byt simulovano jejich
piirozené chovani namisto pouhého statického éniigtycpaniny” u hnizda (Lima 2002).
Poznatky o nefdmé obrag hnizda by mily vychazet ze studia v¢bu umistni hnizda a
¢asovani hnizghi podle rizika predace naanych mistech s odliSnym preuatém tlakem,
ovSem nejlépe se znalosti dominantnich preddtadeomonitoring).

Obrana hnizda — vlastni nepublikovana data
V této kapitole stréné popisuji viastni data offmé obrag hnizda u strakapouda velkého
zejména s cilemipdstavit zazemi pro studium neletalnich efektika predaceRrispévek
IV), které jsou popisovany v dalSi kapitole. Podropagis obrany hnizda neni cilem této
prace a vysledky budou teprvéggraveny k publikaci (proigdézné za¥ry viz Misik 2009).
U hnizd strakapoudvelkych jsme (J. Misik, M. P. a K. Weidinger) expgentélré
vystavovali Zzivého jedince dominantniho konkuremtedatora Spka obecného (dale jen
predator; odvodreni viz vyse). Spgek je pro strakapouda ,maly* predator (strakapoudi
dutiny jsou mu fistupné; viz vyse), proti kterému je tedy Zadouénk hnizdo gimo.
Obranu hnizda klasifikujeme do dvou hlavnichitypobrana zevnit(blokovani otvoru) a
zvenku dutiny (nalety a utoky na $ga) — a kvantifikujeme ji na zakladgrovnanicasu
straveného strakapoudy uvmnitutiny nebo venku ale v blizkosti dutinghiem gitomnosti
Spaka a v nerusené fazi pokusu (srovnej s Wiebe 2bB#hger & Wiebe 2006a). S cilem
simulovat realné podminky byl pouzit Zivy jedingaa (vystavovan u hnizda v malé kleci)
a bylo minimalizovano ruSesiovékem Ehem pokusu zejména tim, Ze &plav kleci nebyl
k hnizdu pinaSen vyzkumnikem, ale dopravovan pomoci lanoekyzdaleného krytu (pro
metodickeé detaily viz Misik 200®rispévek V).

Strakapoudi (n = 11 p&y proti Spakovi sva hnizda aktivhbranili a rozloZzenéasu

straveného obranou hnizda zvenku a zévhitiny zaviselo na fazi hnizdi (inkubace, mala
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Obr. 4: Cas (%) straveny strakapoudy u¥riinizdni dutiny (nah@), venku v blizkosti

dutiny (uprosted) a celkow u hnizda (v duti&¢i venku; dole) Bhem ti fazi pokusu

s vystavenim predatora &a obecného (bilé sloupce — neruSené faze, 60tmavosedé
sloupce — vystaveni Sge, 5 min; sétle Sedé sloupce — faze po sejmutickpa60 min), ve
trech fazich hnizthi (inkubace, mala miéata, velka mldata) a podle ptu (Castnicich se
ptaki (vlevo — jednotlivci, vpravo — pary). Jsou zobmazemniméry + SE, n = 11 hnizdiisla

ve sloupcich znamenaiji dilpocty hnizd (sotty hnizd mezi jednotlivci a pary pro stejnou
fazi pokusu a hnizehi = 11). Pokus byl provedefikrat na stejnych hnizdech, stejné hnizdo
muaZze ale byt fi opakovani pokusu v rozdilnych kategoriich jednotlpéry).
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mladata, velka mldata) a potu aktual@ reagujicich rodia (jeden, oba). V rannych fazich
hnizcéni (inkubace, mald méfata) ptaci pednosts zaji¥’ovali obranu zevnitdutiny a
v tomto ohledu se neliSila reakce jednotlivych ftakpat (obr. 4). Obra&é zvenku se u pér
vénoval druhy z rodia (ptaci se ale #idali) a prototas straveny obranou zwérbyl mnohem
delSi u pak nez u jednotliva. V posledni fazi hnizshi (velkd ml@'ata) branili hnizdo zevrtit
jen pary, avSak mira obrany zvenku v této fazi thrizvzrostla u jednotlivit i par (obr. 4).
Na zaklad porovnani experimentalni a kontrolni (neruSengg fdokusu lze
kvantifikovat miru obranného chovani. Samotriéopnost v duti z tohoto pohledu nemusi
vypovidat o obrafihnizda v pipadech, kdy se oproti neruSené fdakusu jeji mira
nezvysila. Zejména v rannych fazich hnizdniho cyiia totiz mira pitomnosti v dutig
piirozere vysoka i v nerusené perivd¢hag. u faze inkubace blizici se 100 %). Byl zde ale
nalezen kvalitativni rozdil, ktery &gi¢i pro obranné chovani — zatimco v nerusené fazi
pokusu ptaci zafivali vejceci mldd’ata na da dutiny, v gitomnosti Spéka setrvavali
v otvoru (blokovani fistupu do dutiny§i ptinejmensim pravidetvykukovali (kontrola
chovani predatora). Nigst gritomnosti venku u dutiny vidite#ji svéd¢i o intenzivnim
obranném chovaniti Spatkovi. Krome primé obrany v fitomnosti Spé&ka bylo zjiSéno
také zvySené stZeni hnizda v délpo simulovaném ,odletu” predatora (mirovySené
riziko predace). Proti Spkovi, ktery dokaze rychle obsadit strakapoudi dutja zZejme
potreba byt ostrazity. &Zeni hnizda ale e ginaset neletalni efekty rizika predace

popisované v dalSi kapitole.

Neletalni efekty rizika hnizdni predace a kompetweutiny (Fispévek V)
Hnizdni predatii’konkurenti maji na svou kist krome bezprostednich letalnich efeit
kdyZ niii vejceci zabijeji mla’ata (viz gedchozi kapitoly), také efekty neletélni, kdyZ svou
pritomnosti nap ,nuti“ rodice hnizdit v méa prihodnych dutinacliPiispévek ) ¢i snizovat
intenzitu krmeni (Martiret al. 2000) a tim ovliviuji budouci biologickou zdatnost ndlat
(Metcalfe & Monaghan 200 resswell 2008). Konflikt mezi bezpréstinimi a budoucimi
efekty predace proto vyZaduje plastickou odjbv chovani rodit na zaklad aktualniho
rizika predace. Zatimco ipomnosti predatora je peba hnizdo branit, krmeni ndlat 1ze
koncentrovat do bezpegjSich obdobi (Lima & Bednekoff 1999, Eggetsal. 2005). Usla
krmeni v doB zvySeného rizika predace by potenciaimohla byt kompenzovana po
odezrni nebezpé a tento kompenzai efekt je dekavan zejména ve fazi velkych ik,
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kterd byvaji intenzivgji brangéna (viz Caro 2005) i krmena (naunnet al. 2010). V této
studii jsme (M. P., J. M., K. W.) proto testovalda d@asr¢ pieruSené krmeni md&at u
strakapouda velkého #ir stieZeni hnizda po setkani se s predatorenté&pabecny, viz
piedchozi kapitola) bude pogdkompenzovano zvySenou frekvenci krmeni.

Krome ptimé obrany Bhem gitomnosti Sp&ka (viz vyse) strakapoudi vwzné mie
streZili hnizdo i po odezmi nebezpd a ti, kteéi delSi dobu $eZili, poté ungrné zvysili
frekvenci krmeni, takZe ve vysledku se&gbzakrmeni ve fazi pokusiqu a po vystaveni
predatora statisticky neliSiPgispévek 1V). To alespa na arovni frekvence krmeni
naswdcuje schopnosti rodit kompenzovat krmeni usla awbdu obrany hnizda po#jil
v bezpéné period (tj. snizovat potenciélni neletalni efekftpmnosti predatora). Otazkou
ale Zistava skutené mnozstvi donesené potravy a tedy sindefektivita takoveho
kompenzaniho chovani. Alternativnim vyznamem zvysené freloeekrmeni totiz rive byt
snaha bytastji u hnizda a byt takifpraven hnizdo branit, algippm také krmit, by
mensimi sousty (Martindale 1982). To aléza rozhodnout jen dalSi studium, nejlépe
soustavny videomonitoring hnizd ktery biynesl jak data o krmeni mi&t, tak o ,irozené*”

frekvenci stetil mezi strakapoudy a Sfey/ u hnizda.

Zimni nocovani ptakii ve stromovych dutinach (Rispévek V)

Dutinow nocuijici ptaci vyuzivaji ochrany dutitigal nepizni paasi v energeticky natoém
zimnim obdobi. Na nocovani ptake stromovych dutinachipobi fizné vlivy a ptaci nah
odpovidaji mj. ekologicky vydrem dutiny (Vé&ky et al. 2010), ale i fyziologicky, nap
prilezitostnym upadanim do hypotermie (Magérl. 1982). Za usedni Ize pitom povazovat
vliv venkovni teploty, &koli vybér dutiny k nocovani rize zaviset také naipomnosti
parazifi (Christeet al. 1994), konkurerit (Dhondt & Eyckerman 1980), nebo riziku predace v
dutin¢ oproti Wtvovi (viz Dhondtet al. 2010).

Nocni teplota stromovych dutin (potenciélni zimni naé dutinovych ptak) je
odvisla od venkovni teploty a fyzickych charaktekislutiny (Prispévek V). Analyza
jednodennich zaznameploty ze 70 stromovych dutin ukazala rozdiirp¢rné n@ni teploty
v duting od venkovni o —2,4 az +4°@, ktery rostl s $t3imi vykyvy v teplo& mezi dnem a
noci. Teplota v dutihklesala s $tSi velikosti otvoru a s horSim zdravotnim stavémonsu —

dutiny ve zdravych stromech byly teplejSi nez wiych stromech, ale tento rozdil se vytracel
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pii vysSich venkovnich teplotach. Stejny vysledé&kesla i analyza opakovanycherani
teploty v @i stejnych dutinachdhem 12 dni.

Cyklicka variabilita ve venkovni teplkoje tedy v souvislosti s fyzickymi izalaimi
mechanismy dutiny generatorem teplejSiho mikroklimadutiré béhem noci (a chladijSiho
ve dne; obr. 5). Je velmi prasgbdobné, Ze ani sebelépe izolovana dutina bydobta
vykyvi ve venkovni tepl@tnebyla teplejSi nez okolni présti. V dutinach rize byt Ehem
noci dokonce chladiii nez venkugimz se vyhodnost nocovani dutimizZe vytracet —to je
proto vyhodné hlavhpii chladném peasi a kolisavych teplotacktem dne (tyto d¥/situace
jsou v zine navzajem korelované). Rozdily v mikroklimatu meatinami potom vyplyvaji
z rozdilnych fyzickych charakteristik, které ovliyji miru zpoZdni ve vyrovnavani teploty
uvnité dutiny oproti teplat venku. K pomalejSi ztratepla vedl mensi vietovy otvor a lepsi
zdravotni stav stromu (~ lepSi izéta vlastnosti éeva; Prispévek V). Ptaci by tedy r#li
preferovat nocovani v dutinach s co mozna nejmeratirory a ve zdravych stromech
(ovSem jen za vySe uvedené podminky chladnéliagb@ kolisavych teplot). Zj&ia jen o
nekolik stuma vySsi pimérna n@&ni teplota v dutit se miize zdat jako zanedbatelna
motivace k vybru teplejSich dutin ptaky, nicmé&nztahneme-li tento rozdil k délce celé noci,
muze i malé navySeni pmérné n@ni teploty znamenat podstatny energeticky ziskppéa
nocujiciho na takovém méstP¥i nocovani ptaka v duténje teplota navic zvySovana diky
metabolickému teplu jedince (Kendeigh 1961, Cod#89), jehoz vydej do venkovniho
prostedi je zpomalovan stejnymi izél@mi mechanismy, které se podileji na udrzovani
mikroklimatu prazdné dutiny. Vyhodnost nocovaniwink maze byt také zvySena kombinaci
s dalSimi zfisoby Sateni energii, jako je nd@phypotermie (Mayeet al. 1982, Reinertsen &
Haftorn 1986Xi spole&né nocovani vice jediddDu Plessis & Williams 1994, Du Plesgis
al. 1994).

Dutiny v této praciPiispévek V) se mezi sebou vyraztisily ve fyzickych
charakteristikach a jetést z nich byla prokazat@wvyuzivana ptadky k nocovani. Otazkou
zastava, jestli si ptaci k nocovani sk&né vybiraji vhodnou strategii (nocovani venku/v
duting) a vhodné dutiny (velikost otvoru, zdravotni sstnomu) podle predikci popsaného
teplotniho modelu. Dosavadni data set nebyl réeon této Uvahy dostatey. Jiz dive byly
nalezeny (korelativni) vztahy mezi mirou nocowadutinach (vzdy se jednalo o budky, na
kterych je ¥tSina studii 0 nocovani dutinovych ptakiz Tyller 2010) a teplotou, které
s timto modelem zdankwsouhlasi — obsazenost budekin&tesala se zvySujici se venkovni
teplotou mozna pr&wproto, Ze se ptaciipsouvali na aktuatnenergeticky vyhodjsi

alternativni nocovigtv husté vegetaci (Busse & Olech 19684y dikaz ale chybi a studie
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Obr. 5: Priklad rekolikadenniho stdani teplot uvnitjedné dutiny (moik) a ve venkovnim
prostedi €erns; graf software BoxCarPro [Onset Computer CorpcaBeet, MA, USA], osa
x —dny, osa y — teplota). Je patrny vliv roadienkovni teploty mezi dnem a noci na
mikroklima pongrné dokre izolované stromoveé dutiny — prviiinoci byla teplota v duti
vyrazre vysSi nez venkovni teplota, ale 19.1.2005 (Sigkaj&alo oteplovat, zmenSily se
teplotni vykyvy mezi dnem a noci admd teplotni benefit dutiny vymizel.

obsazenosti budek navic obsahuji metodicky artefak§ ruSenim ptdikpii ptimych n@nich
kontrolach (ptaci pod vlivem ruSenigstavaji v budkach nocovat; Tyller 2010). Studium
vybéru mista k nocovani u dutinovych ptalry se proto rflo zanefit hlavré na Setrné
kontroly pgrirozenych dutin (nap minikamerou s IR ffisvicenim; Slad&ek 2006, Tyller
2010).

Postrehy pro ochranu pFirody

V hospodéskych lesich jsou dutinovi ptacit(p. vSechny dutinové organismy)&zné mfe
omezeni nabidkou dutin co do druhové rozmanitgstigula&nich hustot (Newton 1994,
Piispévek 1), piicemz hlavnimi dvody jsou obvykle nizky &k lesniho porost{Moning &
Miller 2008, Loyn & Kennedy 2009), nevhodné druhselagZeni a nizka druhova rozmanitost
stromi (Drever & Martin 2010). Na druhou stanu, vSichatidovi ptaci ale nemusi byt ngtn

ohroZeni (nap sykora kaadra,Parus major &i $pasek obecny; viz nap Sastnyet al.
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2006), ani u vzacnych draldutinohnizdit nelze vzdy s jistotofici, Ze jsou nejvice
ohroZeni pray¥ nedostatkem dutirc{. Hora 2000) a p&etnost lesnich druhptaki v CR
dlouhodolg stoupa (viz Véiseket al. 2009). Uvedené skuteosti [festo nemusi znamenat
uspokojivou situaci. Je proto spravné kompleMmazovat 0 managementu &mujicimu k
zachovani celého ,ekologického systémstromovych dutin a vSech jejich obyvatel, tj.
véetns téch, ktei nejsou ohrozZeni. Cilem této kapitoly je diskutowgbrana témata
souvisejici s rozBénymi nazory na ochranu dutinohnigdiAckoli nejlepSimieSenim (pro
dutinohnizdte) by bezesporu bylo jeditvyrazné zvySeni plochy lesnich potosyvijejicich
se bez zasahtlovéka (nap. v lesnich chr&mych Gzemich), ippadreé Setrné
obhospod&vani leg s wtSim ohledem na jejich mimoprodird funkce (Michal & Pefcek
1999, Vacelet al. 2007), ochrana dutinohnizdimiaze byt pro lesniky i mé&razantni
(Zasadil 2001). Mym cilem je zejména vybidnout kimvani nad nejednozivesti celé

problematiky a motivovat k dalSimu badani a hled@oidnych a spotensky ptichodnych
postugd.

Vyznam budek
NejznangjSim a nejdostupijSim zpisobem podpory sekundarnich dutinohnfidsou unglé
hnizdni budky, protoZerpmoreSi nedostatek hnizdnicklpzitosti bez nutnosti zasaldo
technologie lesnického hospddai. Ptaci budky ddk obsazuji a obvykle v nich dosahuji
vysoké produktivity (Purcekt al. 1997,Zasadil 2001). Ochrana dutinohniailvyvéSovanim
budek niize mit ale vedlejSitsledky, nap. mize zvyhodovat ugité (hojné) druhy, které
pak mohou byt kompetitory dalSich dtugv¢etng druhi jinych gild; Bocket al. 1992).
Zatimco vy¥Senim ®kolika budek Ize ,neSkodf zpestit lokalni nabidku dutin,
velkoplosné vy¥Sovani budek uz tuto nabidku z veti&sti ukuje a proto by élo byt
s ohledem na mozna rizika promy&ign a gedchazet ipadnym rizikKim, ktera se mohou
skryvat i ve zdanli¥ pozitivni snaze vyvinout co nejvhogjai budky (bezpéné, cisté,
prostorné). Pro srovnani, z tohoto pohledu idesthoimové dutiny jsou vifrod spiSe vzacné
a na dutinoveé ptakyrpozerg (Walankiewicz 1991) sobicetné negativni faktory formujici
jejich chovani Prispévek I). Na druhou stranu ovSem nevhedkonstruovanéi umisgné
budky se mohou stat ,ekologickou pastép. z divodu zvySeného rizika hnizdni predace
(Czeszczewilet al. 1999).

Vzdy je proto namistzvazovat, do jaké miry budky reflektujin@zené vlastnosti
(velikost, tvar, napadnost, vySka nad zemi, origtavoru, pitomnostéi negitomnost

starych hnizd atp.) a distribuci stromovych dutiprgstoru icase (rovnorérnost rozmisini,
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dynamika vzniku a zaniku). Moznosti k vyzkouSenwéreni aplikovanym vyzkumem je
newsSet budky fliS hust, obias podle pedem promysSlenych schématmit jejich umiséni
(prevéSovat je; viz Sonerud 1989, Sorasteal. 2004) a roziznit jejich tvar, velikost atp. (viz
vyse),cimz by ptakm byl umozrn vykér mista k hnizéhi. Urcité konstrukni detaily budek
¢i urgity zpasob vywseni niize umoiovat cilenou podporou &itych (zejména ohroZenych)
druhi (McGilvrey & Uhler 1971, Zasadil 2001, Bluebirdsilunited 2010). Fungovani
.budkovych systéril je zejména pdtba badat — vzdy, ochrana vywsSuje budky nejen
proto, aby zajistil ochranu ptékiim, Ze jim poskytne vhodné hnizdfigzitosti, nybrz i
proto, aby mohl Iépe studovat Zivot ptak‘ (Obhlidal 1977), coz by v souvislosti

s dosavadnimi poznatky (maocket al. 1992, Purcelét al. 1997, Miller 2001) ndlo
zahrnovat i studium vlivu budek na biologii ptalBudky nemohou zastoupit nabidku
stromovych dutin aifrozené procesy s ni souvisejici a taktéz hodnéaogtiBednarzet al.
2004), ale mohou hréat dadovou le dileZitou roli. Pro Uplnost je ovSerfeba gipomenout,
Ze jedinou motivaci k vydsovani budek nemusi bytimo ochrana dutinohniztii, ale také
biologicka ochrana poraspred Skidci (viz Prskaveet al. 2007). Ri ni neni podstatné kolik
druhi v budkach hnizdi, ale jaké je dosazeno celkovéohuknizdicich nebo v zién
nocujicich ptak a s ni souvisejiciho prettdho tlaku na hmyzi $kice. Pouzita technologie
se v tomto fipact muze liSit od myslenek diskutovanych v této kapitole.

Vyznam kvality porostu

Bohata nabidkaipozenych stromovych dutin je vazana zejména nadlgdesni porosty
(viz nag. Tomiatog & Wesotowski 2004). Nicmén dutiny nemusi byt v dnesni krajiaz
zas tak vzacné a jejich existencégplokalre vysoka nabidka) nemusi byt vazana vzdy na
pralesovité porosty. V mladSich hospiskd/ch porostech mohou nabidku dutin zaist
nag. rozptylerg zachované staré (dlouhtké) stromy (Loyn & Kennedy 2009)fipadré
ur¢ité druhy devin, které pednost# produkuji dutinyiteba i v mladSim&ku nez

okolni porost (viz naip Martin et al. 2004; obr. 6). Ponechavantisého pa@tu starych
stromi pri téZb¢ se ovSem nemustgainosts tykat jen strom s dutinamici mrtvych strond
(to je totiz jen déasné&eSeni), ale ponechavany bylynbyt i nekteré zdravé stromy aktudln
bez dutin s cilem umo#ni vzniku dutin¢i nabidky mrtvého fkva v budoucnu (tzv
recruitment treesLoyn & Kennedy 2009yreet al. 2010). Navic, pmiSené kratkotke
dieviny dol¥e produkujici dutiny (v nasich podminkach fiagSe) by mohly byt ponechany

bez zasalhaz do faze rozpadu, ktera nastanejpd £Zbou cilového porostu. Prana
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vztah ugitych detail porostu (vlastnosti ponechanych stioénploSek) a hnizéhi ptaki by
se el zamefit aplikovany ornitologicky vyzkum, detné amatérského.

Vyznam kvality dutiny

Dutiny se mezi sebou liSi a nejen jejiciteh ale i tato rozmanitost oviiuje hnizdni hustotu
a druhovou rozmanitost spoéenstva dutinohnizdi (nag. Remmet al. 2008,Prispévek I).

Z pohledu faktal, kterymi se tato disertai prace zabyvala nejkonkréjin— predace a
mikroklimatu — byl zjis¢n shodny vliv zdravotniho stavu stromu a velikostioru dutiny jak
na riziko predace, tak i mikroklima dutiny.

Dutiny v mrtvém dew znamenaji #Si riziko hnizdni predac®tispévek 11, 11l ) a
zarove horSi mikroklima Pirispévek V). To je zajimaveé zjighi v souvislosti s faktem, ze
vznik dutin je Uzce svazan s rozkladnymi procegyvd. RPedstava, Ze se dutiny formuji
pouze v mrtvyckti umirajicich stromech, by ale byla myln&. Kvalitmiizdni (nocovaci)
dutiny vznikaji nap. lokalnim vyhnivanim otvoru po vypadlétvi a sokasnym obiistdnim
(zmenSovanim) obvodu tohoto otvoru Zivym pletiveakio mohou dutiny nakonec i
zaniknout; Wesotowski 1995; obr. 7¥jm jsou v Zivych stromech dlabany datlovitymi
ptéky. S tim souhlasiktera zjiséni vazby dutinohnizdt spiSe na Zivé neZz mrtvé doupné
stromy (Wesotowski 2002,0yn & Kennedy 2009). Tim ovSem nechci tvrdit, Zevé d'evo
nema pro dutinohnizeél velky vyznamHnizdni vazbu na mrtvé&elvo vykazuji gkteré
druhy primarnich dutinohnizéfi (v CR nayf. strakapoud progdni,Dendrocopos mediysle
treba také sykora luZrPoecile montanusiz Hudec 1983, Hudec &tBstny 2005), které si
piednosti (nebo vyhrad#) dlabou dutiny pr&yv mékkém mrtvém éeve. Mrtvé deevo
zarovei poskytuje potravni nabidku a unioge tak pfibézny vznik dutin vydlabanych
primarnimi dutinohnizdi na dané lokali ale teba v jinych stromech. Ochrana datlovitych
ptaki je tedy zarovie ochranou dalSich dutinohnizdia dutinovych organistin(Martin
& Eadie 1999). Progkteré druhy sekundarnich dutinohnigd{nag. sykory) jsou ale
strakapoudi dutiny nevhodné (hnizdi spiSe v dutinaaiklych rozkladnymi procesy)
pravdEpodobrt proto, Ze v nich trpi predaci ze strany strakapotgdlkého (nebo v jinych
oblastech dalSich drialdatli; Christman & Dhondt 1997), ktery f@astym predatorem
ptatich hnizd dutinovych i otéenych (Nilsson 1984, Weidinger 2009).

Takeé velikost otvoru ma shodny vliv na riziko preda mikroklima. Bsny otvor
podstati urcuje kvalitu dutiny pro ptaky (to byva vyuzivano nagi vyrob¢ hnizdnich
budek; Obhlidal 1977, Zasadil 2001, viz vySe)s prednosti vybiraji dutiny s menSimi
otvory (Walankiewicz 1991, Dobkiet al. 1995). Skuténg tésné otvory jsou ale vifrock
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Obr. 6: Stromové porosty arfklady doupnych strofnz vlastnich studijnich ploch ve
vychodnim Polabi (S okoli Lazni Bohd&nekres Pardubice, koordinaty 50°87.5°41E,
nadmdska vyska 220 m). V doubravach (A, B) bybstymi ,producenty” dutin (zejména
strakapoudich)iimiSené odumirajici olS&lhusspp.; D) a ponechané staré du@uércus
sp.; C). V teprve &kolik desitek let starych ale réenych mokadnich olSinach (E, H) jsem
zjistil vysoké hustoty dutin (strakapoudich i vagidh vyhnivanim) i vysokou nabidku
mrtvého deva, pravdpodobr v disledku samazedovani v hustém porostu (viz Begenhal.
1997), které byva v hospag&ych porostech nahrazeno probirkami. Mimo to lolyliiny
(témet vyhradré vzniklé vyhnivanim po vypadi& utizlé wtvi) v oteené kulturni krajia
vazany na staré ovocné aleje a sady (F, G), které posledni dabrychle mizi.
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Obr. 7: Priklady dutin sice v Zivych stromech ale vazanyclodamirajici¢i mrtve casti
stromu. A-F — dutiny vzniklé vyhnivanim, G — strpkadi dutina. A — jabld (Malussp.),
nocovani a hnizshi sykory modinky (Cyanistes caerulelisB a C — lsiza Betulasp.),
hnizdni ¢ervenky obecnégrithacus rubeculaC — sriiSka na da dutiny); D — hrusg (Pyrus
sp.), hnizdni sykory kaiadry Parus majoj; E — jablai, nocovani negeného ptaka
(pravEpodobré vrabec polniPasser montanuyge vidkt nahromadny trus); F — Biza,
nocovani (viz trus) a net&my pokus o zahnizdi neutené sykory; G — olSé\(nussp.),
hnizdni Sp&ka obecného a pogj obyvani neu¢enymi netopyry. Dutiny A-E vznikly v
mis€ vypadlé ¥tve a u vSech je patrné d@istani otvoru zivymi pletivy. Dutina F vznikla v
,Zzrcadle” u paty Bizy po poragni provozem po lesni céspricemz neni vyloten podil
strakapouda na vzniku této dutiny. Otvory strakajdclu dutin (G) obvykle neobstaji
Zivymi pletivy.
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typické pouze pro primarni dutinohnizej ktei si dlabaji dutiny sabpresré na miru, a ze
sekundérnich dutinohnizdi pro brhliky lesni $itta europaep kteti si velikost otvoru
zmensuji oblepovanim otvoru hlinou (Hudec 198%})SWa sekundarnich dutinohnizdliale
¢asto hnizdi v dutinach s relativ(vici jejich télu, alespda v jednom roznaru) velkymi
otvory, coz nfize nést mnoha rizika (viz vyse) a to by mohlo hittatiem jejich uvaghé
vySSi miry hnizdni predace oproti primarnim dutmiabicam (Martin& Li 1992, Martin
1995). Tim se Ize vratit k tvrzeni, kterym texptéiserténi prace v podstatzaial: Zivotni
projevy dutinohnizdia v jejich pfirozeném hnizdnim prdstdi jsou velmi variabilni a je
potieba je probédat skrz naskrz, protoZe stadle mnoliénee RedloZeny text itom povaZzuiji
za velmi gedkEzny. ,Priroda je bytost tak rozlehla a vSeobjimajici, Zeg< ni jegtnevickli

ani chloupek“(Henry David Thorreau).
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Paclik M. & Reif J. 2005: Hnizdéni ptakt ve stromovych dutinach. Sylvia 41: 1-15.

Prace pfinasi struc¢ny prehled dosavadnich poznatk( o hnizdéni ptakl ve stromovych dutinach.
Dutinové hnizdici ptaky charakterizujeme spise volné, s ohledem na rozmanitost jejich zivot-
nich projevu, nebot taxonomické vymezeni této skupiny je problematické. Rozebirame pfikla-
dy vlivu (1) omezené nabidky dutin, (2) mezidruhové kompetice, (3) hnizdni predace, (4) za-
mofeni hnizd ektoparazity a (5) fyzikalnich faktort prostiedi na hnizdéni v dutindch. Skute¢né
pusobenti téchto ¢initeli se nékdy lisi od intuitivnich pfedpokladu, které jindy naopak plati, coz
obvykle znemoziiuje vyvodit jasné obecné zavéry. Presto lze fici, Ze strategie hnizdéni v dutiné
ma kromée vyhod také sva rizika, ktera nékdy vedou k zajimavym adaptacim, zatimco jindy je
pfizptisobovani omezeno. Chovani ptaka se navic maze lisit mezi budkami a pfirozenymi duti-
nami, coz muze zkreslovat zavéry vyvozené pouze ze studia budkovych populaci.

We describe the nature of hole-nesting behaviour in birds. This species group, with respect to its
high intra-guild variability, is presented here without exact definition. We discuss the ways how
the following factors, (1) abundance of cavities, (2) nest competition, (3) predation, (4) ecto-
parasites, and (5) various physical (abiotic) factors, influence the breeding performance of
cavity-nesters. Birds apparently suffer from various risks, which can shape their life histories
and behaviour, but the real impact is not clearly predictable. Most studies have been done on
nest-boxes, but the differences in breeding performance of birds in cavities and nest-boxes may
bias the conclusions. This paper sets out to look at the mentioned problems, with the aim of
raising awareness to the wider implications of the cavity-nesting phenomenon.

Keywords: nest-site, cavity, nest-box, availability of cavities, competition, predation, parasi-
tism, abiotic factors

UVOD

Ptac¢i hnizda lze podle zpusobu jejich
umisténi rozdélit do dvou velkych sku-
pin: hnizda v otevieném prostoru
(napf. v porostech rostlin, na zemi ¢i na
vodni hladiné) a hnizda v dutinach
(napf. ve stromech, v zemi nebo ve
skalnich s$térbinach; Hansell 2000).
Pfestoze toto déleni je do jisté miry
umeélé a mezi obéma typy umisténi exi-

stuje takika plynuly prechod, pii stu-
diu hnizdn{ biologie ptdka je vyhodné
porovnavat prave tyto dvé alternativni
strategie a sledovat, jaké specifické adap-
tace a omezeni jsou s kazdou z nich
spojeny. Intuitivné mame sklony pova-
zovat hnizdéni ve stromovych dutinach
za vyhodné, napft. z pohledu rizika pre-
dace, naopak urcité nevyhody tohoto
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typu hnizdéni obvykle pfisuzujeme
omezené nabidce vhodnych dutin.
Toto jednoduché schéma ale nemusi
platit obecné¢ a pfi podrobné¢jsim stu-
diu vyvstava mnoho dalsich otazek,
napt.: Jsou dutiny opravdu tim hlavnim
limitujicim faktorem? Nejsou oproti
hnizdtim ukrytym ve vegetaci piili§ na-
padné a nevybizeji tak predatory, aby
se na jejich plenéni specializovali?
Netrpi mladata v dutinach ptisobenim
parazita?

Spolecenstva lesnich ptakt jsou vy-
znamne ovlivnéna lesnickym hospoda-
fenim, pficemz dutinové hnizdici druhy
byvaji lesnickymi zdsahy postihovany
pfevazné negativné (napf. Scott 1979,
Donald et al. 1998). Proto se o biologii
hnizdéni ptaka ve stromovych dutindch
zajima sféra ochrany piirody. Zatimco
poznatky z biologie napf. lu¢nich nebo
vodnich ptaka vyrazné pronikaji do po-
védomi ochranct pfirody a jsou jimi
aplikovany v praxi, ochrana dutinové¢
hnizdicich druht je do zna¢né miry in-
tuitivni, nebo je soustfedéna jen na vy-
veésovani budek (viz Aktudlni problémy
ochrany ptakt a jejich prostiedi v CR;
Sylvia 36/1). A to i presto, ze hnizdéni
ptaka ve stromovych dutinach je dlou-
hodobé¢ prfedmétem intenzivniho zajmu
pfirodovédct a mnozstvi publikova-
nych praci je obrovské. Dulezité infor-
mace jsou ale rozptyleny ve svétové lite-
ratufe, takze jejich dostupnost za-
jemcim bez moznosti specializace je
ztizena.

Cilem této prace je proto pfinést za-
kladni pfehled problematiky hnizdéni
ptakt ve stromovych dutinach v podo-
bé, kterd odrdzi soucasny stav chapdni
tohoto tématu. Protoze zvolena forma
neumoziiuje hluboké rozvedeni jednot-
livych problémt, pfedlozeny text je spi-
Se uvodem k dalsimu studiu, popf. teo-
retickym minimem pro ¢innost ochran-
cu piirody.

Kteri ptaci hnizdi v dutinach?
Prestoze se s délenim druhti na oteviené
a dutinové hnizdici bézné operuje, odli-
Seni obou skupin ptiaki neni snadné.
Nelze totiz jednoznacné vymezit, co je
jesté dutina a co jiz otevieny prostor,
protoze mezi témito krajnimi moznost-
mi je plynuly pfechod. Pro zjednoduse-
ni jej ovéem lze znazornit sledem kate-
gorii dutina-polodutina-vyklenek-ote-
vieny prostor. Postaveni jednotlivych
druhti na tomto gradientu je do urcité
miry specifické, avsak existuje také vnit-
rodruhova variabilita. Lejsek Sedy (Mus-
cicapa striata) napfi. osidluje dutiny (ze-
jména vyklenky) i otevieny prostor, za-
timco brhlik lesni (Sitta europaea) oby-
va vyhradné uzaviené dutiny, které na-
vic jesté vice uzavird oblepovanim otvo-
ru hlinou (Hudec 1983). Urc¢eni mezni-
ku mezi dutinou a otevienym prosto-
rem, resp. rozdéleni druhti na dutinove
a otevien¢ hnizdici, proto v nékterych
ptipadech zdlezi jen na uhlu pohledu,
nebot prirozend kritéria neexistuji.
Presto lze Fici, ze hnizdéni ve stromo-
vych dutinach se v nasich podminkach
vyskytuje u ptaki osmi fadu (vrubozobi,
dravci, sovy, kukacky, mékkozobi, srost-
loprsti, Splhavci a pévci); ve svéte je zna-
mo i u dalsich (napf. papouskt a trogo-
nt). V nich jsou v razném pomeéru za-
stoupeny druhy hnizdici v dutinach spo-
le¢né s druhy oteviené hnizdicimi; napf.
u Splhavca ¢ papouskt hnizdi v duti-
ndch vétsina zdstupcu (oteviené hnizdi-
ci papousek mnisi, Myiopsitta mona-
chus, je vyjimkou ve skupiné typicke
hnizdénim v dutindach; Hansell 2000),
zatimco mezi vrubozobymi ¢i dravci
jsou dutinohnizdic¢i zastoupeni méne.
(Pojem dutinohnizdi¢, tj. doslovny pfe-
klad z anglického cavity nester, se v dal-
$im textu objevuje vicekrat kvali uspore
mista. Neni oficialnim terminem, ale
jeho vécna spravnost je dostacujici.
V tvahu by jinak pfipadal také starsi ter-



min doupnik.) Obé¢ strategie lze nalézt
také u rlznych zastupcu stejné celedi
nebo dokonce rodu: napt. stiizlik obec-
ny (Troglodytes troglodytes) stavi hnizda
v otevieném prostoru (Hudec 1983), za-
timco severoamericky stfizlik zahradni
(Troglodytes aedon) hnizdi v dutiniach
stromt (O’Brien et al. 2001). Newton
(1994) uvadi pro rtizné svétové regiony
55-94 druht ptakti znamych vyuziva-
nim dutin, pficemz v Evropé¢ je to cel-
kem 60 druht (z toho 28 druht pévci).
V CR podle nas hnizdi 44 druht duti-
nohnizdi¢t (z toho 20 druhu péven).

Ruazné druhy ptaka se ale lisi mirou
vyuzivani dutin, kterou lze vyjadrit jako
procentudlni podil hnizd v dutiniach
z celkového poctu zahnizdéni. Patndct
procent hnizd kachny divoké (Anas pla-
tyrhynchos) v CR je podle toho umisté-
no v dutinach, zatimco u sykory konad-
ry (Parus major) je to témér 100 %
hnizd (podle Hudce et al. 1983, 1994).
Tyto hodnoty opét tvoii gradient, avsak
v praxi je béznéjsi déleni ptakd na tzv.
fakultativni (tj. nevyhranéné) a obligatni
(tj. ptisné) dutinohnizdice. Ze 60 evrop-
skych dutinové hnizdicich druhu je
22 obligatnich (Newton 1994), v CR jich
podle nas zije 32 druhu. Z toho je patr-
né, ze obligatnost hnizdéni v dutinach je
vnimana rizné. Na druhé strané, nejed-
notné je také zarazovani mezi fakultativ-
ni dutinohnizdice, kam by podle nas
mely byt fazeny i druhy, vyuzivajici stro-
mové dutiny (nebo budky) jen minimal-
n¢, napi. kos cerny (Turdus merula)
a Cervenka obecna (Erithacus rubecu-
la). Kurioznim prikladem takového dru-
hu je kukacka obecna (Cuculus cano-
rus), jejiz parazitickd vejce byla zjisténa
i v hnizdech dutinovych ptikt v bud-
kach (viz Zasadil 2001).

Z pohledu aktivni tvorby dutin jsou
odlisovani tzv. primarni dutinohnizdici
(z angl. primary cavity nesters; excava-
tors), ktefi dutiny sami dlabou, od duti-
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nohnizdict sekundarnich (secondary c.
n.), ktefi jsou zavisli na dutinach vznik-
lych jinak (napi. Aitken et al. 2002).
Témér kazdy druh ale dutinu néjakym
zpusobem upravuje, piicemz ptaci se
pouze lisi ve schopnosti tak ¢init. Mezi
primdrni dutinohnizdice jsou proto nej-
Castéji fazeny jen druhy, u nichz je tato
schopnost nejlépe rozvinuta, tj. vétsina
zastupcu celedi datlovitych. Ptaci v tom-
to ohledu méné zdatni (avSak stale
schopni hnizdni dutinu vydlabat), jako
nektefi zdstupci sykorovitych nebo
brhlikovitych, jsou obvykle fazeni k se-
kundarnim dutinohnizdi¢tim, popf. tvo-
fi samostatnou kategorii (weak cavity
excavators; Aitken et al. 2002). Nekdy
jsou ovSem fazeni i mezi primarni duti-
nohnizdice (viz Martin 1995, Christman
& Dhondt 1997).

Primarni dutinohnizdici jsou délnici
pretvafejici dfevo na dutiny, komoditu
zadanou jejimi sekundarnimi uzivateli.
To udava zaklad nenihodnému sledu
druht v dutiné, v némz Martin & Eadie
(1999) vidi analogii potravnich fetézcu,
tzv. ,hnizdni sité“ (nestwebs). V. obou
ptipadech totiz existuje ustiedni zdroj
(potrava/dutiny), hierarchie jeho konzu-
mentu (trofické/nidické urovné) a pro-
pojeni jednotlivych druhtt mezi urovné-
mi (pfenos energie/hnizd). Tato propo-
jeni jsou ruznd, napi. sekundarni duti-
nohnizdici Spacek obecny (Sturnus vul-
garis) a salasnik horsky (Sialia curruco-
ides) v Kanadé vyuzivali nejvice dutiny
po datlu zlatém (Colaptes auratus), za-
timco vlastovka zelend (7achycineta tha-
lassina) dutiny po datlu rudosijném
(Sphyrapicus nuchalis). Oba datlové do-
hromady vytvofili pres 70 % vsech dutin
v nabidce. V téchto vztazich ovsem ne-
jde jen o mnozstvi: ackoli datel chocho-
laty (Dryocopus pileatus) tamtéz nedla-
bal piilis mnoho dutin, byl jejich vy-
hradnim producentem pro nasledné
hnizdéni syce amerického (Aegolius
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acadicus; Martin & Eadie 1999). Po-
dobn¢ je tomu v Evropé, kde Spacek
obecny a brhlik lesni jsou témért vyhrad-
nimi uzivateli dutin po strakapoudu vel-
kém (Dendrocopos major), zatimco napf.
sykory vyuzivaji spise dutiny vzniklé ji-
nak (Nilsson 1984, Wesotowski 1989).

Je nabidka dutin limitujicim
faktorem?
Nekteii dutinovi ptaci jsou velmi pocet-
ni, jini vzdcni; pocetnost jednotlivych
druht se navic lisi podle stejného vzo-
ru jako u oteviené hnizdicich druhu
(Storch & Reif 2002). Samotné hnizdéni
v dutinich tedy zfejmé neptedurcuje,
jak pocetny druh bude. Otazkou ovsem
zustava, zda jsou populace sekundar-
nich dutinohnizdi¢t limitovany nabid-
kou dutin lokalné. Intuitivné predpokla-
dame, ze tomu tak je; hustota dutin se
nejcastéji pohybuje v rozmezi 0-60 du-
tin/ha, pficemz v hospodaiskych lesich
je nizka oproti porostim, které se vyvi-
jeji pfirozené¢ (Wesotowski 1989, New-
ton 1994, Dobkin et al. 1995, Carlson et
al. 1998). Taktéz opakované vyuzivani
dutiny, které je zejména u sekundarnich
dutinohnizdicua c¢asté, by mohlo byt du-
sledkem omezené nabidky dutin.
Dobkin et al. (1995) zjistili souvislost
mezi po¢tem dutin a celkovou hustotou
primarnich i sekundarnich dutinohniz-
di¢a v Oregonu; lokalni pocetnost syko-
ry konadry ve Velké Britdnii byla ob-
dobné¢ funkci poctu vyveésenych budek,
ve kterych ptaci hnizdili téméf vyhradné
(Minot & Perrins 1986). V obou pfipa-
dech byly pocty ptdka vyssi tam, kde
bylo vice dutin (budek), coz nasvédcuje
limitaci uvedenych populaci dutino-
hnizdi¢t na plochdch s nizsi nabidkou
mist k hnizdéni. Pii vysokych hustotach
dutin se ale pfimocara odezva pocet-
nosti vytrdcela, tj. populace jiz byly limi-
tovany néjakym dalsim faktorem. Tento
typ dukazu ale neni zcela spolehlivy, ne-

bot je opomenuto hodnoceni rozdilné
uzivnosti jednotlivych ploch. Omyl hro-
zi zejména tehdy, je-li pocetnost duti-
nohnizdic¢h vysvétlovana nabidkou mrt-
vych strom namisto dutin (napf.
Raphael & White 1984), nebot mnohé
druhy na nich kromé dutin nachazeji
také svou potravu.

Walankiewicz (1991) naopak doklada
nepiitomnost omezujiciho vlivu nabid-
ky dutin v pfirozeném listnatém lese
v Polsku, kde kazdy par casné hnizdi-
cich ptaku (sykory a brhlik) ma na vybér
ze tif volnych dutin, pozdéji prilétajici
lejsci belokrei (Ficedula albicollis) stale
jeste ze dvou. Podobné Carlson et al.
(1998) uvadeji z neobhospodatrovaného
lesa ve Svédsku jen 5-10% obsazenost
dutin se stejnym zaveérem, zatimco 90%
obsazenost dutin v hospodarském lese
v Nizozemi sveédci spise o opaku (New-
ton 1994). Pii interpretaci hodnot obsa-
zenosti je ale nutno vzit v ivahu fakt, ze
v porostu obvykle ztstavaji nékteré duti-
ny volné - nemusi byt obsazeny napi.
proto, ze maji nevhodné rozméry, nebo
lezi v teritoriu soukmenovce (Newton
1994).

Brawn & Balda (1988) v Arizoné ex-
perimentalné dolozili, Ze nabidka dutin
v ¢astecné vytézenych smisenych poros-
tech byla limitujici. Vyvéseni budek totiz
vedlo k nartstu celkové pocetnosti duti-
nohnizdi¢ na téchto plochach oproti
kontrolnim plocham bez zasahu, ale
v zachovalém porostu se pocetnost pta-
ki nezvysila. Ruzné druhy ptaka reago-
valy na zasah razné - zatimco pocetnost
napi. vlastovky zelené po ném stoupla
vyrazne, odezva brhlika béloprsého
(Sitta carolinensis) byla mirnéjsi. Ob-
dobné dukazy ptinaseji z Arizony Bock
et al. (1992), z Nizozemi Drent (1987), ze
Svédska Gustafsson (1988); vyvéseni bu-
dek v polském pralese vsak pocet ptakt
nezvysilo (Walankiewicz 1991). Budka-
mi lze zvySovat pocetnost ptakl jen na



uroven, kdy do hry vstoupi jiny limituji-
ci faktor - takto lze ziskat obdobné vy-
hlizejici odezvu jako u vztahu nabidky
dutin a hustoty ptaka v pozorovacich
studiich (viz vySe). Ackoli experimenty
pfinaseji pomérné piesvedcivé dukazy,
mohou byt také zatizeny chybou, proto-
ze budky mohou byt pro ptaky velice la-
kavé; ptaci pak davaji prednost studij-
nim plochdm pfed svymi puavodnimi
hnizdisti v okoli (viz kapitola o bud-
kach).

Martin (1993) se domniva, ze omeze-
nd nabidka mist k hnizdéni vyznamneé
ovlivnila evoluci velikosti sntisek u duti-
nove hnizdicich ptakt. Mira vyuziti jiz
existujicich dutin oproti dlabani vlast-
nich, kterd je méiitkem limitovanosti
druhu dostupnosti dutin, totiz souvisi
s velikosti snusky dutinohnizdict
Evropy i Severni Ameriky. Pro malo dla-
bajici nebo viubec nedlabajici druhy je
vyhodnéjsi vychovat najednou vétsi po-
¢et mladat, protoze priilezitost k hnizde-
ni se jiz nemusi v budoucnu opakovat.
Sekundarni dutinohnizdi¢i proto maji
vetsi snusky oproti primarnim, zatimco
oteviené hnizdici ptaci, obvykle méné li-
mitovani nabidkou mist k hnizdéni, stoji
zhruba mezi nimi (Martin & Li 1992).
Vysokd jednorazova investice zdroju do
vetsi snusky ale mize omezit moznost
investovat do dalsich rozmnozovacich
epizod (Gustafsson & Sutherland 1988),
nebo dokonce do pfezivani (Gustafsson
& Piart 1990; tzv. cena za reprodukci viz
Stearns 1992); sekundarni dutinohnizdi-
¢i se proto ve srovnani s primdrnimi du-
tinohnizdic¢i dozivaji v praméru nizsiho
veéku (Martin 1995).

Dochazi k mezidruhové kompetici
o dutiny?

Nekteré druhy ptakt obsazuji podobné
dutiny (napf. Dobkin et al. 1995, Martin
et al. 2004), jejichz nabidka navic muze
byt omezena (viz vyse). To svadi k do-
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mnénce, ze kompetice mezi dutinohniz-
dici je casta. Pouhd informace, ze dva
druhy sdileji stejny zdroj, byt limitni, ale
sama o sobé¢ neni jejim dokladem, po-
kud vyuzivani spolec¢ného zdroje nesni-
zuje biologickou zdatnost alesponl jed-
noho z ucastnika (Wiens 1989, Storch
1995). Takové negativni ovlivnéni je ale
obtizné prokazat.

Pocetnost sykor modrtinek (Parus cae-
ruleus) a konader ve Velké Britanii na-
vzdajem korelovala - na plochach s hus-
tou nabidkou budek (8 budek/ha) pozi-
tivne, zatimco na plochdch s nabidkou
fidkou (2 budky/ha) negativné. Pfi na-
ristu pocetnosti konader na takovych
,chudych® plochach tedy poklesl pocet
modiinek a naopak, coz svéd¢éi o kom-
petici pfi nizké nabidce volnych mist
k hnizdéni (Minot & Perrins 1986).
Pouhy negativni vztah pocetnosti dvou
druhtt bez uvazeni dynamiky nabidky
dutin by ale nebyl dostate¢cnym dokla-
dem kompetice o né (Wiens 1989,
Storch 1995).

Dalsi piiklad je z Norska, kde byly ih-
ned po zahdjeni hnizdéni sykor pokus-
n¢ znepiistupnény zbyvajici volné bud-
ky, coz anulovalo nabidku mist k hniz-
déni pro pozdgji prilétajiciho lejska cer-
nohlavého (Ficedula hypoleuca). Ackoli
dochdzelo ke stietim mezi druhy, ze-
jména k utoktim lejski na sykory, lejsci
nebyli az na vyjimky schopni sykory
z budek wvytlacit (Slagsvold 1978).
Opacny pokus ve Svédsku, konkrétné
premisténi dospélych sykor a odstrané-
ni jejich rozestavénych hnizd z budek,
vedl ke zvySeni obsazenosti téchto bu-
dek lejskem belokrkym (Gustafsson
1988). Oba ptiklady dokladaji, ze pfi
omezené nabidce dutin si ptaci mohou
konkurovat.

Lejsek ale neni bezbranny a dokaze
sykoru vypudit z jiz obsazené dutiny.
Podle Slagsvolda (1975) toho docili bud
opakovanymi utoky na ptaka pfiletujici-
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ho k otvoru, nebo rychlym zastavénim
hnizda, kdyz se jeho majitel zdrzuje
mimo budku. V Némecku tak lejsci za-
brali 16 ze 130 hnizd sykory konadry,
pficemz obsazenost budek sykorami
dosahovala 90 %. Pfi stfetu uvniti dutiny
ale muze sykora lejska zabit: Merild &
Wiggins (1995) ve Svédsku nalezli bé-
hem jedné sezony 23 mrtvych lejskt
v hnizdech sykor (na cca 1000 budek),
pficemz jejich pocet byl vyssi na plo-
chach, kde byla vyssi obsazenost budek
sykorami. Kompetice pfi omezené na-
bidce mist k hnizdéni tedy muze byt pfi-
¢inou predcasné smrti ptaku.

Nekdy dochazi ke kompetici jen o ur-
¢ité dutiny, pfestoze celkovd nabidka
mist k hnizdéni neni omezena. To plati
napf. pro spacka obecného, ktery si pfi-
svojuje dutiny datlovitych ptakl jak ve
své pluvodni domovin¢ (Mazgajski
2000), tak i v Severni Americe, kam byl
zavlecen (napf. Ingold 1989, Kerpez &
Smith 1990). Agresivita Spacku je nejveét-
$1 na zacatku hnizdéni - proto napi. dat-
lim karolinskym (Melanerpes caroli-
nus) v Mississippi, ktefi hnizdi ve stej-
nou dobu, zabrali Spacci 52 % cerstve
vydlabanych dutin. Behem sezony ale ri-
ziko ztraty hnizda klesa, pozdéji hnizdi-
ci datli cervenohlavi (Melanerpes eryth-
rocephalus) proto piisli jiz jen o 7 %
svych dutin - oddaleni pocatku hnizde-
ni je tedy vyhodné (Ingold 1989). Pii-
lisné oddalovani je vsak omezeno, pro-
toze béhem sezony klesa plodnost a sni-
Zuje se Sance na piipadné nahradni
hnizdéni (viz také Wiebe 2003). Urcité
zpozdéni zac¢atku hnizdéni oproti Spac-
kovi je patrné i u strakapouda velkého
v CR (viz Hudec 1983), kterému $pacek
obsazuje prazdné dutiny, popf. nic¢i za-
pocaté snusky (vlastni udaje).

Riziko zabrani hnizda lze snizit i ji-
nym zpusobem, napft. vlastovky stromo-
vé (Tachycineta bicolor) v Kanadé si
z davodu silné kompetice Spacka vybi-

raly k hnizdéni dutiny s uzsimi otvory,
protoze vetsi Spacek se malym otvorem
neprotahne (Dobkin 1995). Datel zlaty
v Kanadé¢ zase projevil schopnost rozli-
Sovat pfi obrané hnizda rtizné vetielce,
kdyz utocil na vycpaninu Spacka, pokus-
n¢ instalovanou 1,5 m pod vletovym
otvorem hnizdni dutiny, zatimco kon-
trolni atrapa podobného, ale neskodné-
ho vlhovce Zzlutohlavého (Xanthoce-
phalus xanthocephalus) jej nechavala
chladnym (Wiebe 2004). Néktefi ptaci
jsou tedy schopni fyzicky brdnit hnizdo
pfed vpadem konkurenta (viz také zabi-
jeni lejski konadrami).

Jsou dutiny bezpecné pred
predatory?

Dutiny jsou intuitivné povazovany za
bezpecné misto k hnizdéni, protoze
hnizda v nich vypadaji méné napadné
a nepfistupné. Mezidruhové srovnani ve
smisenych lesich Arizony skute¢né uka-
zalo, ze Uspésnost hnizdéni je vyssi v du-
tinich nez v otevieném prostoru, pfi-
¢emz primarni dutinohnizdi¢i trpi ztra-
tami jeSté méné nez sekundarni (Martin
& Li 1992). Stoprocentni bezpedi ale sky-
ta dutina jen vzdacné; mira predace hnizd
sykory babky (Parus palustris) v pol-
ském listnatém pralese tak napf. dosa-
hovala 20 % (Wesotowski 2002), datel
cerny (Dryocopus martius) ve smise-
ném hospodaiském lese v Norsku kvuli
ni pfisel o 30 % hnizd (Rolstad et al.
2000) apod. Nizké riziko predace obec-
n¢ umoznuje kladeni vétsich snusek
(Martin 1995), pficemz velké sntsky du-
tinohnizdicl jsou tradi¢né spojovany
prave s bezpecnosti dutin (diskuse viz
Martin 1993, Hansell 2000). Jejich veli-
kost Ize ale Iépe vysvétlit omezenim na-
bidkou dutin (viz samostatna kapitola),
protoze primarni dutinohnizdici, ackoli
hnizdi s nejmensim rizikem, maji snas-
ky malé. SniZzené riziko predace nic-
méné vedlo u dutinovych ptaka k pro-



dlouzeni hnizdni péce o mladata (Mar-
tin 1995).

Predace pfesto zUstdva nejcastéjsi pii-
¢inou neuspéchu hnizdéni v duting, stej-
n¢ jako v otevieném prostoru (viz
Nilsson 1984, 1986). V nékterych piipa-
dech je dokonce velmi intenzivni, napf.
v polském listnatém pralese bylo béhem
sezony vyplenéno az 69 % hnizd lejska
bélokrkého (Walankiewicz 2002b). Vét-
sinu z téchto hnizd (80 %) vyplenili sav-
ci, nejcastéji hlodavci (mysice lesni,
Apodemus flavicollis; plch lesni, Dryo-
mys nitedula a veverka obecna, Sciurus
vulgaris) a kuna lesni (Martes martes);
zbytek hnizd mél na svédomi straka-
poud velky (Walankiewicz 2002a). Po-
dobné, v listnatém lese v New Yorku
bylo znic¢eno 62 % hnizd sykory ¢erno-
hlavé (Parus atricapillus), pravdeépo-
dobné uzovkami ¢ernymi (Elaphe obso-
leta), datly karolinskymi, veverkami po-
pelavymi (Sciurus carolinensis) nebo
myvaly severnimi (Procyon lotor; Christ-
man & Dhondt 1997).

Riziko vyplenéni hnizda se také l1isi
podle jeho umisténi, coz umoziuje vy-
hybat se nebezpec¢i vybérem vhodné
dutiny. Mén¢ plenénd jsou zejména
hnizda umisténd vyse nad zemi, jak bylo
zjisténo napft. u sykory karolinské (Pa-
rus carolinensis) v Illinois (Albano
1992), nebo ve Svédsku u nékolika dal-
Sich druhti sekundarnich dutinohnizdi-
¢u, napf. Spacka a sykory modfinky
(Nilsson 1984). Vyssi dutiny jsou preda-
torim pravdépodobné méné napadné
a hufe dostupné. Prestoze ptaci obsazuji
dutiny v raznych vyskdach (0,3-31 m;
Wesotowski 1989), mnohé nasveédcuje
upfednostiiovani téch vyse umisténych,
o které z tohoto davodu probiha kom-
petice (Nilsson 1984, Carlson et al.
1998). Polsti lejsci bélokrci zase hnizdili
uspesnéji v dutinach s mensimi otvory,
které z tohoto divodu vyhledavali
(Walankiewicz 1991).
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Uzky otvor sice omezuje prunik vét-
sich predatort (viz Wesotowski 2002),
prave ti ale mohou hnizdo ohrozit nasil-
nym zvétsenim otvoru nebo proboura-
nim stén dutiny. Toto riziko je vyssi teh-
dy, kdyz jsou stény dutiny mekké; napi.
sykory babky v Polsku trpély ¢astéjsimi
ztratami v mrtvych stromech, proto
prednostné¢ vyhledavali vyhodnéjsi duti-
ny v zivych stromech (Wesotowski
2002). Riziko predace se muze lisit
i mezi raznymi misty v porostu. Datli
Cerni ve Svédsku uprednostiiovali
k hnizdéni osamocené stojici stromy na
pasekach po t¢zbé dieva, pricemz tako-
vy vybér prostiedi byl doprovazen nizsi
predaci jejich hnizd kunou lesni.
Naproti tomu hnizda datli v zapojenych
porostech byla plenéna castéji (Rolstad
et al. 2000).

Nilsson et al. (1991) uvadéji vyssi
miru hnizdni predace datla ¢erného ve
starych dutinach oproti dutindm nové
vydlabanym. Pfemisténi budek na jiné
stromy zhruba o 100 m, které simulova-
lo vznik novych dutin, proto oc¢ekavané
snizilo riziko predace hnizd syct rous-
nych (Aegolius funereus) v Norsku
(Sonerud 1989); obdobné snizeni miry
predace pévca v budkach, které byly
piemistény o 800-3000 m, zase popisuji
v Italii Sorace et al. (2004). Tyto vysledky
nasveédcuji tomu, ze kuny si pravdépo-
dobné pamatuji pozice starsich dutin
v porostu a kazdou sezénu je pak nav-
Stévuji, zatimco nové dutiny zistavaji po
néjakou dobu neodhaleny. Je otazkou,
zda se obdobné nechova také straka-
poud velky, ktery ve svém teritoriu sim
tvofi dutiny, pozdéji obsazované jinymi
druhy; praveé riziko vyplenéni hnizda
strakapoudem muze totiz hypoteticky
vést k opomijeni starych strakapoudich
dutin napf. u sykory babky (Wesotowski
2002), zatimco $pacek obecny a brhlik
lesni, ktefi jsou siln¢€jsi a pravdépodob-
n¢ vice schopni se branit, tyto dutiny
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hojné obsazuji (Nilsson 1984, Wesotow-
ski 1989). Zajimavy duvod k opomijeni
starych dutin mad strakapoud kokardovy
(Picoides borealis) v Texasu: béhem
hnizdéni opakované obnovuje plosky
ranek v hnizdnim kmeni, aby udrzoval
tok pryskyfice kvuli obrané hnizda pred
stromovymi uzovkami (Elaphe spp.); pti
dlouhodobém vyuzivani ale z ranek vy-
tekd mensi mnozstvi pryskyfice, ¢imz je
obranna funkce narusena (Conner et al.
1998).

Ptaci se predatorum dokazi branit
také fyzicky, avsak schopnosti a taktika
takové obrany se vyrazné lisi mezi dru-
hy. Brhlik lesni napf. dovede agresivné
odehnat strakapouda velkého od svého
hnizda (vlastni pozorovani), zatimco
,slabsi“ Soupdlek dlouhoprsty (Certhia
Jamiliaris) pouze upozorni mladata na
jeho pfitomnost a ta ztichnou (Jantti et
al. 2003). Ptaci se navic lisi v ochoté
hnizdo branit, jak ukazuji napf. reakce
dvou druhu brhliki v Arizoné na pii-
tomnost vycpanin stfizlika zahradniho
(nici jejich sntisky) a krahujce americké-
ho (Accipiter striatus; lovi dospélce).
Ochota samc® brhlika krmit inkubujici
samici v pfitomnosti stfizlika, tj. zvyso-
vat riziko prozrazeni a znic¢eni vlastniho
hnizda, byla vyrazné nizsi u brhlika be-
loprsého nez u brhlika amerického
(Sitta canadensis); v pfipadé stejné ak-
tivity v pfitomnosti krahujce, znamena-
jici ohrozeni vlastniho zivota, tomu ale
bylo upln¢ naopak. Rozdilné chovani
lze wvysvétlit rliznou délkou zivota
a plodnosti: brhlik americky, ktery ma
mensi snusku a zije déle, radéji riskuje
ztratu jednoho hnizda nez predc¢asnou
ztratu svého zivota, nebot ma velkou
Sanci opéetovne zahnizdit nékdy v bu-
doucnu. Kritkoveky brhlik béloprsy na
to nemuiZe spoléhat a svou vétsi sntisku
vice brani, pficemz ochotnéji podstupu-
je riziko vlastni smrti (Ghalambor &
Martin 2000).

Jsou hnizda v dutinach zamofena
parazity?

Negativni vliv parazitismu na dutino-
hnizdice je predpokladian zejména pro-
to, Ze tito ptaci mnohdy opakované ob-
sazuji stejné dutiny, ve kterych se diky
tomu mohou hromadit cizopasnici. Vliv
paraziti na reprodukcni uspésnost byl
doloZen napf. u sykory kofiadry ve Svy-
carsku, kde se z hnizd, ktera byla v dob¢
sndaSeni vajec pokusné zamoiena ble-
chami (Ceratophyllus sp.), vyvedlo
meéné mladat oproti kontrolnim hniz-
dim (Richner et al. 1993). Jiné studie ale
takovy piimy efekt nepotvrzuji; pritom-
nost blech v budce napf. neovliviiovala
pocet vyvedenych mladat u vlastovky
stromové v Kanadé (Rendell & Verbeek
1996), ani hmotnost nebo pocet mladat
lejska cernohlavého v budkach ve
Finsku (Mappes et al. 1994).

To vSak nemusi znamenat, ze cizo-
pasnici v takovych pfipadech ptikim
neskodi. Prestoze pocet mladat stfizlika
zahradniho ve Wyomingu zdanlivé ne-
byl ovlivnén parazitickymi larvami much
(Protocalliphora sp.; Johnson 1996),
O’Brien et al. (2001) zjistili, ze zamofeni
mladat stiizlika parazity snizilo mnoz-
stvi hemoglobinu v jejich krvi, ackoli sa-
motny pocet cervenych krvinek ztstal
nezméneén. Weddle (2000) podobné re-
feruje o nizsi hmotnosti mladat vrabce
domaciho v Oklahomé, ktera byla vice
zamofiena roztoci (Pellonyssus sp.). Na-
padeni hnizda cizopasniky tedy muze
snizovat kondici mladat, coz se muZze ne-
gativné projevit na jejich pfezivani az
v obdobi po vyvedeni.

Jak jiz bylo fec¢eno, napadeni parazity
byva spojovano zejména s opakovanym
vyuzitim dutiny, proto se predpoklada,
ze si ptaci budou k hnizdéni vybirat do-
posud nepouzité dutiny. Sykory konad-
ry ve Svycarsku se pii vybéru budek
k nocovani netidily jejich cistotou, di-



sledné se ale vyhybaly budkam, které
byly pokusné zamofeny blechami, at uz
se jednalo o budky se starym hnizdem
nebo bez n¢j (Christe et al. 1994).
Zamofteni cizopasniky muze byt neza-
vislé na pfitomnosti staré¢ho hnizda
iv prirodé¢, napiiklad proto, ze parazitic-
ké mouchy nezimuji v budkach; stiizlik
zahradni ve Wyomingu z tohoto divodu
nerozliSoval pfi vybéru mista k hnizdéni
mezi budkami se starou vystelkou nebo
bez ni (Johnson 1996).

Lejsci ¢ernohlavi ve Svédsku pred-
nostné vybirali diive pouzité budky
oproti budkam c¢istym, bez ohledu na
pfitomnost cizopasnikt, zatimco tamni
sykory mezi rznymi budkami vibec
nerozliSovaly; pfesto byla hnizda sykor
zamofena blechami vice nez hnizda lej-
skt (Olsson & Allander 1995). Pfitom-
nost staré¢ho hnizda zfejmé dava pozdé
prilétajicim lejskim informaci o osudu
predchoziho hnizdéni, tj. o riziku preda-
ce v dané dutiné. Niz§{ intenzita zamo-
feni jejich hnizd parazity oproti syko-
ram byla potom vysvétlovina ruzné,
napf. specifickym hnizdnim materialem;
experiment v CR ovSem tuto hypotézu
nepotvrdil (Remes & Krist in press).

Ruazné zamofeni hnizd lejska cerno-
hlavého cizopasniky, které zaviselo na
vybéru budky, bylo zaznamenino ve
Finsku. Zdejsi ptaci, podobné jako ti ve
Svédsku (viz vyse), upiednostiiovali
budky se starym hnizdnim materidlem,
ovsem mensi pocet blech byl po vyhniz-
déni nalezen prave v téchto budkach, ni-
koli v budkach ptvodné cistych (Map-
pes et al. 1994). Budky se starym hniz-
dem preferoval i salasnik horsky v Ken-
tucky; jeho chovani je pfitom vysvétlo-
vano tim, ze zatimco dospélci parazitic-
ké mouchy zimuji mimo budku, pro pta-
ka uzite¢ny parazitoid jejich larev, vosic-
ka (Nasonia vitripennis), pfimo v budce
(Davis et al. 1994).

Obrana proti parazitim, podobné
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jako proti konkurentim ¢i predatortim,
muze byt také vedena aktivné. Spacek
obecny napf. nosi do svych hnizd cerstvé
listy rostlin, z nichz u nékterych byl v la-
boratornich podminkach zjistén negativ-
ni vliv na bakterie a parazity. V Némecku
sice nebyl prokizan pifimy vliv tohoto
materialu na pocet parazitl v budce, nic-
meéne jeho piitomnost méla Gc¢inek na
kondici mladat, konkrétné vétsi hmot-
nost pii vyletu a vyssi pocet cervenych
krvinek (Gwinner et al. 2000). Jiny zpu-
sob aktivni obrany proti cizopasnikim
byl zjistén napi. u sykory modfinky ve
Svycarsku: samice pobyvajici v budkach
s pokusné zvysenym mnozstvim blech
Cast&ji upravovaly hnizdo a své pefi, coz
pravdépodobné sveédci o jejich snaze za-
bijet blechy. Takeé s vyssi frekvenci krmily
mladata, ¢imz vyrovnavaly ztraty energie
zpusobené parazity; hmotnost a télesnd
velikost mladat v dobé jejich vyvedeni se
proto nelisila od hnizd bez cizopasnikt
(Tripet et al. 2002).

Je hnizdéni v dutiné ovliviiovano
fyzikalnimi faktory prostredi?

Intuitivné piedpoklddame, ze dutina
chrani hnizdo pfed nékterymi vlivy ven-
kovniho prostiedi, pficemz zejména
uzaviené dutiny by meély byt z tohoto
pohledu vyhodné. Jedenict procent
hnizd dudkovce stromového (Phoeni-
culus purpureus) v Jihoafrické republi-
ce presto zaniklo, protoze je pti desti vy-
plavila voda; mira neuspéchu pfitom
byla vyssi v sezonach s vétsim thrnem
srazek. Ackoli vyplaveni hnizda hrozilo
zejména v dutindch s otvory mificimi
vzhtiru, ptaci se témto nevhodnym duti-
nam nijak nevyhybali (Radford & du
Plessis 2003). Takové chovani bylo
ovsem potvrzeno u neékolika sekundar-
nich dutinohnizdi¢i v Némecku, kde
meli ptaci na vybér z osmi budek umis-
ténych kolem jednoho kmene. Pfitom
upfednostiiovali priblizné vychodni ori-
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entaci, kterd v danych podminkach zna-
mena pravé nejmensi vliv vétru a desté
(Gaedecke & Winkel 2005).

Vysoké teploty v arizonskych pou-
stich vedou datla gilského (Melanerpes
uropygialis) k tomu, aby otvory svych
dutin v kaktusech mifil severnim sme-
rem. Takova orientace otvoru vzhledem
k pozici slunce je totiz vyhodna, nebot
zarucuje prizniveéjsi (nizsi) teplotu
uvnitt dutiny (Inouye et al. 1981, Korol &
Hutto 1984). Prehiati hnizda ovSsem hro-
zi také v mirném klimatu, zejména pfi
pozdnim hnizdéni; naopak, brzy zjara je
hnizdéni v dutiné teplotné piiznivejsi
nez hnizdéni v otevieném prostoru, du-
tinovi ptdci proto obvykle hnizdi ¢asné
(Nilsson 1986). Hnizda v dutinach mo-
hou byt vystavena také opac¢nému puso-
beni teplot: nizka teplota v dutiné, zapii-
¢inénd severni orientaci otvoru, piipad-
n¢ dalsimi charakteristikami dutiny, ved-
la u datla zlatého v Kanadé k mensim
snuiskam, pocet vyvedenych mladat ale
neovlivinovala (Wiebe 2001).

Hnizdo také muze byt negativné
ovlivnéno vlastnostmi prostoru dutiny,
coz lze predpokladat zejména u sekun-
darnich dutinohnizdict, ktefi se musi
vzdy spokojit jen s dostupnymi dutina-
mi. O nejlepsi dutiny proto muize byt ve-
dena kompetice, napf. atraktivni vetsi
budky ve Svédsku byly obsazovany jen
silnéjsimi samci lejska bélokrkého, za-
timco slabsi samci byli odkazani na bud-
ky malé (Gustafsson 1988). Vétsi dutiny
v Kanade¢ byly s vétsi frekvenci opakova-
né obsazovany (Aitken et al. 2002), coz
op¢€t svédci o jejich pritazlivosti. Ptdci
upfednostiuji k hnizdéni prostornéjsi
dutiny pravdépodobné proto, ze do
nich mohou kldst vétsi snusky. Takové
prizptisobovani velikosti snusky objemu
hnizdni budky bylo popsano napf. u sy-
kory konadry a lejska ¢ernohlavého ve
Svédsku (Karlsson & Nilsson 1977).
Autofi diskutuji energetické piicin toho-
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to jevu se zaveérem, ze relativhé malé
snusky, znamenajici mensi vyplnéni ob-
jemu dutiny, jsou vice ohrozeny pod-
chlazenim a vétsi snusky zase naopak
prehfatim (také viz Wiebe & Swift 2001).
Velikost prirozenych dutin ovSem neo-
vliviiovala velikost sntisky lejska cerno-
hlavého ve Svédsku (Alatalo et al. 1988),
ani datla zlatého v Kanadé (Wiebe &
Swift 2001).

Primarni dutinohnizdici se pii dlabani
dutiny potykaji s fyzikalnimi vlastnostmi
dfeva. Datlové cervenobrady (Sphyra-
picus thyroideus), rudosijny, osikovy
(Picoides pubescens) a americky (Picoi-
des villosus) v Arizoné€ si k tesani dutin
v mistnich topolech osikovitych (Populus
tremuloides) vybirali kmeny nebo urcita
mista na kmeni s mékéim drevem, pri-
¢emz duvodem takového chovani jsou
zfejmée uspory energie (Scheps et al.
1999). Nejspise ze stejného divodu dla-
bali norsti datli ¢erni své dutiny pievazné
v mrtvych stromech (Rolstad et al. 2000).
Pfiklad nakladnosti tesdni dutiny ukazuji
Wiebe & Swift (2001) v Kanadé, kde nové
dutiny datla zlatého byly mensi nez duti-
ny opakované obsazené. Podle Martina
(1993) se ale tyto naklady nepodepisuji
na reprodukci, nebot vétsi roli v dlabani
dutiny maji samci.

Jsou budky nahradou za dutiny?

V civilizovanych oblastech svéta, zejme-
na v Evropé a Severni Americe, bylo
diky kladnému vztahu Siroké vefejnosti
k volné Zijicim ptakiim doposud vyvése-
no obrovské mnozstvi budek, jejichz
smyslem je nahradit pfirozené dutiny.
Existuji dokonce mista, jako napft. brit-
sky Wytham Wood, kde téméf vsichni je-
dinci v populaci trvale hnizdi jen v téch-
to umelych pfibytcich (Minot & Perrins
1986). Na poznatcich z budek stoji do-
konce mnohé teorie; celkem opravnéna
je proto otazka: do jaké miry budky od-
razeji situaci v dutinach?



V urcitych ptipadech, kdy budky mo-
tivuji ptaky k pfesuntim na plochy s do-
statkem pfirozenych dutin, mtze byt
zkresleno experimentdlni studium limi-
tace jejich populaci nabidkou mist
k hnizdéni. Pfi téchto pokusech totiz
pfedpoklddime, ze vyvéseni budek
umozni zahnizdit pavodné nehnizdicim
jedinctim, nikoli pfist¢hovalcam z okoli.
Takovy pfesun zaznamenal u sykory ko-
nadry v Nizozemi Drent (1987): vyvéseni
budek sice zvysilo hustotu teritoridlnich
ptaku, ale nektefi zde hnizdici ptaci stale
hajili pavodni teritorium na sousedici
plose bez budek. Nevi se, zda je to di-
sledek nedostatku pfirozenych dutin
v jejich teritoriich, nebo je prosté pfila-
kaly budky (viz napi. Walankiewicz
1991). Pro odliseni téchto dvou piipadu
je nutny dukaz pritomnosti nehnizdicich
jedincli ve spolecenstvu, pofizeny jesté
pred vyvésenim budek (Newton 1994).

Vyvésovani budek také muiize ménit
mezidruhové vztahy ve spolecenstvu.
Pocetnost sekundarnich dutinohnizdict
v Kanad¢ byla v negativnim vztahu s po-
cetnosti oteviené¢ hnizdicich ptakh
(Martin & Eadie 1999), coz by samo
o sob¢ mohlo byt pouhym dusledkem
rozdilnych narokt na prostiedi. Bock et
al. (1992) ale po experimentdlnim vyve-
Seni budek v Arizon¢ zaznamenali na-
rust pocetnosti dutinohnizdict, ktery
vyustil ve snizeni pocetnosti otevien¢
hnizdicich ptakt. To uz nasvédcuje kom-
petici mezi témito skupinami ptaku, ke
které ovSem nemusi dochazet v pfiroze-
né se vyvijejicich porostech, nebot duti-
ny jsou v prostoru a ¢ase rozmistény ne-
stejnoméerné a zivot obou ptacich gild je
tak ¢dstec¢né oddélen. Naproti tomu roz-
misténi budek v prostoru byva vétsinou
rovnomeérné a budky jsou vyvésovany
i bez ohledu na staii porostu.

Purcell et al. (1997) objevili u nékte-
rych druhu v Kalifornii rozdil v mife pre-
dace mezi budkami a dutinami; nejvétsi
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byl u salasnika zdpadniho (Sialia mexi-
cana), ktery meél v budkach 29% miru
predace, zatimco v dutindch bylo vyple-
néno 61 % jeho hnizd. Nizsi mira preda-
ce sveédci o tom, Ze i bez specidlnich za-
fizeni mohou byt budky obtizn¢ pfi-
stupné predatoram; klasické tvrzeni
o nizké hnizdni predaci dutinohnizdict
tak mutize byt caste¢né artefaktem bu-
dek, ze kterych pochazi vétsina poznat-
ki o této skupine ptika (Mgller 1989).
Stejny efekt ale neni pfitomen vzdy: za-
timco hnizda sykory konadry ve Svéd-
sku byla v budkach méné¢ plenéna opro-
ti dutinam (5 versus 17 %), u sykory bab-
ky se obé hodnoty nelisily (32 %; Nil-
sson 1984). Vliv budek na miru predace
muze byt ale i opa¢ny, napi. v hospo-
darském lese v Polsku bylo 55-75 %
hnizd lejska cernohlavého v budkach
ro¢né vyplenéno preditory (Czeszcze-
wik et al. 1999). Pro tento fakt se nabizi
vysvétleni, ze budky jsou vice napadné,
maji delsi zivotnost a pravidelné&jsi pro-
storové rozmisténi nez dutiny, coz muze
neékterym predatoram usnadnovat je-
jich plenéni. Nilsson (1984) napf. pou-
kazuje na vyznam strakapouda velkého,
ktery ve Svédsku vyplenil 48 % hnizd
v budkdch, ale jen 17 % hnizd v pfiroze-
nych dutinach.

Kalifornska sykora Sedohnéda (Parus
inornatus) a stiizlik zahradni méli
v budkach vétsi snusky, zatimco snuasky
salasnika zdpadniho a tyrana bledohrd-
Iého (Myiarchus cinerascens) byly stej-
né jako v prirozenych dutinach (Purcell
et al. 1997). Obdobné rozdily pravdépo-
dobné¢ zapricinily dlouho pfretrvavajici
nazor o velkém rozdilu ve velikosti snu-
sek mezi dutinohnizdi¢i a oteviené
hnizdicimi ptaky, ktery sice existuje
(Martin & Li 1992), ale neni tak velky.
Pary sykor sedohnédych a salasnikt za-
padnich v budkach navic zahajovaly
hnizdéni casnéji nez ptaci v dutinach
(Purcell et al. 1997), coz nasvédcuje rlz-
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né  kvalite“ ptakuq, jejiz vliv od prfimého
vlivu budek lze sSpatné odlisit.

Zamofteni parazity byva c¢asto spojo-
vano se starym hnizdnim materidlem,
a proto je predpovidano nizsi v bud-
kach, které jsou cloveékem cistény
(Mopller 1989), zatimco v dutindch se
pfedpokladd hromadéni materidlu i ci-
zopasnikl. Wesotowski (2000) v Polsku
ale prekvapivé zjistil, ze v naprosté vetsi-
né¢ dutin, které byly v minulé sezoné ob-
sazené, nebyl na jafe nasledujiciho roku
pfitomen zadny stary materidl. To na-
svédcuje samovolnému tleni nebo vyna-
Seni vypliiujictho materidlu, jaké zname
napf. u spacka obecného (Mazgajski et
al. 2004). Otazkou ale zlistava, proc se
tak nedéje i v budkach? Co se tyce sku-
te¢cného zamofeni cizopasniky, hnizda
lejska ¢ernohlavych a bélokrkych v pfi-
rozenych dutinich v polské Biato-
wiezi méla ve srovnani s budkami nizsi
prevalenci a intenzitu napadeni blecha-
mi (Wesotowski & Stanska 2001). Je také
potieba si uvédomit, ze cisténi budek
nepomaha od vsech parazit, protoze
nekteré druhy, napf. mouchy, nezimuji
ve staré vystelce (napft. Davis et al. 1994).

Vliv budek se pfes rizné faktory pro-
jevuje na sezonni produktivité ptak; sa-
lasnik zapadni, sykora Sedohnéda
a stiizlik zahradni v Kalifornii proto vy-
vedli v budkach vétsi pocet mladat
(Purcell et al. 1997). Naopak, polsti lejsci
¢ernohlavi vyvedli v budkich jen
1,7 mladat na jeden pdr, ackoli se jejich
produktivita obvykle pohybuje okolo
4,5 mladat na jeden par (Czeszczewik et
al. 1999). Jednotlivé druhy ptdkua se lisi
v mife odpovédi na budky, napf. ze ¢tyft
sledovanych druhu v Kaliforni nejvice
profitoval salasnik zapadni (Purcell et al.
1997). Nabizi se tedy zavérecna otazka,
na kterou ovsem tento ¢lanek zamérné
neodpovi: kdyz budkami zvySime po-
¢etnost jednoho druhu, co to udé¢la
$ ostatnimi?
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ZAVER

A7 na obdobnou volbu mista k hnizdéni
jsou dutinovi ptaci velmi riizni, coz ztézu-
je jejich spolehlivé vyclenéni do jedné
skupiny. Nicméné jejich hnizdéni je
ovlivhéno spolec¢nymi faktory, zejména
nabidkou dutin, mezidruhovou kompeti-
ci, hnizdni predaci, zamofenim hnizd pa-
razity nebo fyzikdlnimi faktory prostredi.
Plsobeni téchto ¢initelt ale neni jedno-
znacné a nechavame na Ctendfi, at si sam
ud¢la predbézny obrazek na podkladé
prikladti uvedenych v textu. Ty mély pou-
kazat na to, ze pfedstavovana problemati-
ka je slozit€jsi, nez se vSeobecné predpo-
klada, pficemz v rtznych podminkach
mohou byt ptaci ovlivhéni nécim jinym.
Otazky polozené v nadpisech jednotli-
vych kapitol proto nelze jednoznacné
zodpovedét, vice miize objasnit jen po-
drobné zpracovani jednotlivych témat.
Nas shrnujici text tedy muzeme uzavrit
pouze tvrzenim, ze intuitivni predpokla-
dy o vlivech na hnizdéni v dutinach sice
mnohdy neplati, nicméné¢ nejsou ani zce-
la nespravné. Hnizdéni v duting, ackoli je
spojeno s mnohymi vyhodami, ma také
urcitd rizika, kvili kterym jej nelze pova-
zovat za vsestrann¢ vyhodnou strategii.
Posledni kapitola rozebirala ptiklady, kdy
se chovani ptakt lisilo mezi budkami
a prirozenymi dutinami. Jejim cilem ne-
bylo nic vice nez upozornit na to, ze za-
véry vyvozené pouze ze studia budko-
vych populaci mohou byt zkreslenym
obrazkem o zivoté dutinohnizdicd. Dis-
kusi vyznamu budek v ochrané pfirody
jsme se pfitom zamérné vyhnuli.
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Birds that excavate their own cavities for breeding are traditionally considered to
suffer little from nest predation. We reviewed the literature for nest predation rates,
nest success, nest predator species and nest defence in European and North American
woodpeckers. Predation rate varied from zero to 0.35 (median = 0.13, n = 33 popula-
tions), while nest success varied from 0.42 to 1.00 (median = 0.80, n = 84). Daily
nest predation rate increased, while daily nest survival rate did not change with spe-
cies body weight. This suggests a role of cavity entrance size in passive nest defence
and differential causes of nest failure between small and large species. Twenty three
predator species preyed upon woodpecker nests. Woodpeckers defended their nests
by attacking the predators, blocking the cavity entrance, and by the selection of safe
habitat/cavity and timing of breeding. We conclude by discussing gaps in the literature

regarding woodpecker nest predation.

Introduction

Predation is generally considered to be the major
cause of nest failure in birds, which makes it an
important force in shaping bird behaviour and
life-histories (Ricklefs 1969, Martin 1993). The
risk of nest predation varies considerably among
types of nests (Nice 1957, Martin 1993) as
nests in cavities are less vulnerable to predation
than are nests in open sites (Martin & Li 1992,
Wesotowski & Tomiatoj¢ 2005). Moreover, there
is considerable variability in nest predation rates
within each nesting guild. Among cavity nesters,
species excavating their own cavities (primary
cavity nesters) are reported to suffer less from

predation than non-excavating species (Martin &
Li 1992, Johnson & Kermott 1994).

Woodpeckers (family Picidae, subfamily
Picinae) are typical primary cavity nesters as
they excavate their own cavities for breeding,
using trees, cacti, termitaria or the ground as a
substrate (Del Hoyo et al. 2002). Woodpecker
nests may be protected against predators in vari-
ous ways. Cavities may physically prevent some
predators from entering the nest (Kosinski &
Winiecki 2004), and/or various woodpecker
behaviours, such as timing of breeding (Ingold
1989), active nest defence (Li & Martin 1991),
or habitat selection (Rolstad et al. 2000) may
lower the risk of predation.
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Nest predation in woodpeckers is tradition-
ally considered one of the lowest in birds (John-
son & Kermott 1994, Martin & Li 1992, Martin
1995). However, only few woodpecker species/
populations have been included in compara-
tive studies and it is likely that much data have
been accumulating in the literature since the
mid-1990s. Moreover, woodpeckers represent a
diverse group of birds, e.g. in terms of body
size, geographical distribution and habitat selec-
tion (Del Hoyo et al. 2002), which complicates
any generalizations about their susceptibility to
nest predation. Recently, some vital rates of
woodpecker populations (adult survival, nest
success, recruitment rate) have been reviewed by
Pasinelli (2006) and Wiebe (2006), but the issue
of nest predation has received little attention. To
better understand the nature of nest predation,
the species identity of nest predators and bird
responses to these predators need to be consid-
ered together with predation rates (Thompson
2007). Data on predators of woodpecker nests
and nest defence have not been reviewed until
now.

In this review, we collated and explored
the published data on nest predation rates, nest
success, nest predator species, and nest defence
in European and North American woodpeckers.
We also aimed to uncover potential weaknesses
in the available data and make suggestions for
further studies of nest success and predation in
woodpeckers.

Material and methods

To obtain a comprehensive dataset, we searched
internet databases (ISI Web of Science, Biologi-
cal abstracts and Zoological record), using key-
words such as “woodpecker” and “predation”,
and the scientific and English names of the main
woodpecker genera. We also consulted the major
books on woodpecker biology (Cramp 1985, Del
Hoyo et al. 2002, Poole 2008). We restricted our
search to European and North American wood-
peckers.

The most desired variable searched for was
predation rate, which is the simple proportion
of nests that failed due to predation, taking all
active nests with a known outcome as a basis

for the calculation. Predation is defined here in a
broader sense as any nest loss due to interactions
with other animal species, including competition
for cavities leading to nest failure (see Walters &
Miller 2001). In studies that distinguish between
competitive evictions and pure predation events,
we used the desired overall predation rate and,
separately, eviction rate for another analysis (see
remarks in Appendix 1). From predation rate, we
estimated daily predation rate (DPR) as follows:

DPR = 1 — (1 — PR)"057 (1)

Instead of T (the length of the nesting cycle
in days), we used a more realistic value of
0.57, assuming that nests were found on average
in about half of their nesting cycle (Beintema
1996). T values (see Table 1) were calculated
from midpoints of the intervals for the length of
laying + incubation + fledgling periods reported
by Del Hoyo et al. (2002). An exponent 1/T
instead of 1/0.5T was included into the cal-
culation of the daily predation rate (and daily
survival rate, see below) in four studies with
the majority of nests found during the early
stage of the nesting cycle (LaBranche & Walters
1994, Pasinelli 2001, Mazgajski 2002, Fisher &
Wiebe 2006a). The above calculation implies
unrealistic constant survival probability over the
entire nesting cycle (Shaffer & Thompson 2007),
because almost all datasets were not sufficient to
account for time dependence in nest survival.
Nest success is the proportion of nests pro-
ducing at least one fledgling from all active nests
(the exception was an estimate from DeLotelle
& Epting [1992], where the number of coop-
eratively breeding groups [not number of active
nests] was the counting unit). Published values
were both the traditional nest success (simple
proportion of successful nests/all nest found) and
Mayfield nest success, which were treated sepa-
rately in the database (see remarks in Appendix
1). We calculated simple proportions as an alter-
native to published Mayfield estimates (data by
Li & Martin 1991, Conway & Martin 1993, Glue
& Boswell 1994, and Smith 2005) to assure con-
sistency across datasets. As a basis for the calcu-
lation, we used nests of a known outcome only
(the exceptions were two estimates from Smith
[2005] with nests of uncertain fate included).
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Because the traditional nest success calculation
is often biased (Mayfield 1975), we estimated
the daily survival rate (DSR) from the traditional
nest success values acording to Beintema (1996)
as follows:

DSR = NS05T )

For the published Mayfield estimates, we
present the original daily survival rate calculated
by the authors (see remarks in Appendix 1), but
for analytical purposes, we calculated our own
daily survival rate in the same way as in the
rest of the studies. We performed a Spearman
rank correlation of the published Mayfield daily
survival rate estimates and our corrected daily
survival rate calculations.

We obtained single estimates of the predation
rate, daily predation rate, nest success and daily
survival rate per population according to study
location and period. If the same population was
continually studied for more years, we pooled

data across the years. In certain cases (in which
authors did not estimate nest predation rate/nest
success or calculated it by Mayfield or other
methods different to ours; see above), we calcu-
lated or recalculated published estimates from
the available data (for these calculated values
see remarks in Appendix 1). Where data on
more populations per species were available, we
calculated an unweighted average across popu-
lations. For each population with an available
predation rate and nest success, we estimated
the proportion of nest losses caused by predation
from all nest losses.

To test if the examined characteristics vary
geographically, we compared the mean daily pre-
dation rate, daily survival rate, and the propor-
tion of nest losses caused by predation between
Europe and North America using the Mann-Whit-
ney U-test, where the unweighted average for
the species was the dependent variable in these
analyses (n = number of species). Using a Spear-
man rank correlation, we correlated the daily pre-

Table 1. Woodpecker species included in the nest predation rate and nest success analyses in the present review.
Nesting cycle lengths and body weights are given. Species from the same continent are shown in a decreasing

order of body weight (data from Del Hoyo et al. 2002).

Species Abbreviation Length of the Body
nesting cycle weight (g)
(days)

Europe
Black woodpecker (Dryocopus martius) BW 45 310
Eurasian green woodpecker (Picus viridis) EGW 47 194
White-backed woodpecker (Dendrocopos leucotos) W-bW 47 106
Great spotted woodpecker (Dendrocopos major) GSW 39 81
Middle spotted woodpecker (Dendrocopos medius) MSW 41 68
Eurasian three-toed woodpecker (Picoides tridactylus) ETtW 40 64
Lesser spotted woodpecker (Dendrocopos minor) LSw 36 23

North America
Pileated woodpecker (Dryocopus pileatus) PW 45 295
Northern flicker (Colaptes auratus) NF 45 135
Lewis’s woodpecker (Melanerpes lewis) LW 52 112
Acorn woodpecker (Melanerpes formicivorus) AW 48 78
Red-headed woodpecker (Melanerpes erythrocephalus) R-hw 44 77
Black-backed woodpecker (Picoides arcticus) B-bW 39 75
Red-bellied woodpecker (Melanerpes carolinus) R-bW 42 74
Hairy woodpecker (Picoides villosus) HW 47 70
White-headed woodpecker (Picoides albolarvatus) W-hW 45 65
American three-toed woodpecker (Picoides dorsalis) AT-tW 41 56
Wiliamson’s sapsucker (Sphyrapicus thyroideus) WS 50 54
Yellow-bellied sapsucker (Sphyrapicus varius) Y-bS 45 52
Red-naped sapsucker (Sphyrapicus nuchalis) R-nS 45 49
Red-cockaded woodpecker (Picoides borealis) R-cW 42 48
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dation rate, daily survival rate, and the proportion
of nest losses caused by predation with species
body weight. Body weight may influence nest
success in both directions — larger species may
be more able to defend their nests physically, but
they must build larger entrances to their cavities
that are more accessible for larger and stronger
predators. Body weights (see Table 1) were cal-
culated as mid-points from the intervals reported
by Del Hoyo et al. (2002). Finally, we analyzed
the possible effects of the main “research effort”
variable, the number of nests in a sample, on
daily survival rate using a Spearman rank cor-
relation test (n = number of all populations in all
species). We evaluated whether studies based on
fewer nests might provide different estimates of
the daily survival rate, because smaller samples
are associated with a lower precision of estimates
(Beintema 1996).

Data on nest predators were divided into
several classes according to the type of evidence:
(1) predators directly observed or recorded by
video while successfully robbing an active nest,
and (2) predators identified indirectly from
species-specific tracks left at the robbed nest.
These signs include marks on the cavity-tree
surface (e.g., broken cavity walls, claw and tooth
marks), predator hair or feathers, and the appear-
ance of egg and nestling remains (e.g., buried,
thrown out, or broken eggs, chewed nestling
feathers, partly eaten nestling bodies). We also
included (3) predators mentioned in the original
studies as “confirmed” but with no description
of the predation event (see remarks in Appendix
2). We omitted notes on “potential” predators,
which were generally defined as animals present
at study plots and able to prey upon the nest, but
without any direct or indirect evidence of this.
We collected information on the prey species
and items preyed upon (eggs, nestlings or adults
attending the nest).

As a possible nest defence, we treated any
behaviour that may potentially lower the risk
of nest predation (Caro 2005). Included might
be any observations of direct defence such as
attacks on the predator or distraction displays,
indirect behavioural mechanisms such as the
selection of habitat associated with a lower pre-
dation risk, timing of breeding, and the role of
accessibility of the cavity by predators (e.g.,

failed predation attempts). We did not consider
self-defence of the young in nests.

Results and discussion
Nest predation rate and nest success

We gathered 33 estimates of the predation rate
and the daily predation rate on 13 woodpecker
species, of which six were European and seven
North American. The predation rate varied from
0 to 0.35 (median = 0.13, mean = 0.15, SD =
0.11, n = 33; Appendix 1) and the daily preda-
tion rate varied from O to 0.019 (median = 0.005,
mean = 0.007, SD = 0.006, n = 33). We gathered
84 estimates of nest success and the daily sur-
vival rate of 21 woodpecker species, of which
7 were European and 14 North American. Nest
success varied from 0.42 to 1.00 (median = 0.80,
mean = 0.78, SD = 0.13, n = 84; Table 2 and
Appendix 1) and the daily survival rate varied
from 0.959 to 1.000 (median = 0.990, mean =
0.988, SD =0.009, n = 84). Our review revealed
slightly higher nest predation rates than previ-
ous reviews, where the median predation rate
varied from O to 0.07 (Johnson & Kermott 1994,
Martin 1995; data on five woodpecker species).
Although we support the view that nest preda-
tion is generally low in woodpeckers (vs.=0.5 in
most open-nesting songbirds; Martin 1995), we
point out that it is more variable than previously
reported and rather high in some cases (0.35;
Nilsson et al. 1991, Saab & Vierling 2001); the
highest values of the nest predation rate included
in the former reviews were 0.13 and 0.14 (John-
son & Kermott 1994, Martin 1995).

The proportion of nest losses caused by pre-
dation varied from 0.09 to 1.00 (median = 0.64,
mean = 0.62, SD =0.29, n = 31). Thus, predation
was the principal cause of nest failure in wood-
peckers similarly to birds in general (Ricklefs
1969, Martin 1995). For six species, we obtained
eight estimates of the eviction rate that varied
from 0.02 to 0.27 (median = 0.06, mean = 0.10,
SD = 0.10, n = 8; see remarks in Appendix
1). The corresponding daily eviction rate varied
from 0.001 to 0.015 (median = 0.003, mean =
0.005, SD =0.006, n = 8). The proportion of nest
losses due to eviction varied from 0.04 to 1.00
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Fig. 1. The effect of body weight on (A) the daily
nest predation rate, (B) the proportion of nest losses
caused by predators, and (C) the daily nest survival
rate. Shown is an unweighted average across popula-
tions (circles) and a range of estimates (whiskers) for
each species. North American (open circles) and Euro-
pean species (filled circles) are distinguished.

(median = 0.29, mean = 0.39, SD = 0.35, n = 8),
which suggests that competitive eviction is some-
times more important than pure predation. In this
respect, cavities may be safe against predators,

but attractive to other cavity nesting species, sug-
gesting possible contradictory selection pressures
on woodpecker breeding (Nilsson 1984).

The literature showed considerable variabil-
ity in all examined characteristics among species
— predation rate, daily predation rate, proportion
of nest losses caused by predation, nest success
and daily survival rate — yet the amount and
sources of this variation are difficult to quantify
because of differences in sample sizes (Table 2).
Both daily predation rate (r =0.87,p__ <0.001,
n = 13; Fig. 1A) and proportion of nest losses
caused by predation (r, = 0.75, p_ = 0.004, n
= 13; Fig. 1B) correlated significantly positively
with body weight (23 to 310 g), but body weight
did not correlate with daily survival rate (r, =
0.20, p=0.389, n = 21; Fig. 1C). Larger spe-
cies suffered more from predation than smaller
species, possibly because larger entrances make
their cavities accessible to more predator species
(see below; Wesotowski 2002). Given that daily
survival rate did not change with species body
weight, our results suggest differential causes
of nest failure between small and large species.
Daily predation rates, daily survival rates, and
proportions of nest losses caused by predation
did not differ between the European and North
American species (daily predation rate: p_ =
0.976, daily survival rate: p__ = 0.868, propor-
tion of nest losses caused by predation: p_ =
0.181; for data see Table 2).

Predators

At least 23 animal species were identified as
predators of woodpecker nests, of which 7 were
European and 17 North American (including the
introduced European starling [Sturnus vulgaris]);
they comprised 1 reptile, 8 bird and 14 mammal
species (Appendix 2). The number of known
predators is lower for woodpeckers as compared
with that for open nesters (Thompson 2007).
This is partly a consequence of a lower sampling
effort (Weidinger 2008) in woodpecker studies
(number of studied species, small sample sizes).
Nevertheless, the number of potential predators
is, in fact, lower in cavity nesters, as it is con-
strained by the size of cavity entrances. From the
main classes of predators, arboreal snakes are
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regular predators of bird nests in North Amer-
ica rather than in Europe and their importance
varies with latitude (Thompson 2007). Birds
are competitors of woodpecker nests rather than
typical predators, because corvids, the principal
avian predators of open nests (Thompson 2007,
Weidinger 2009) cannot usually enter cavities.
Only one corvid species, the jackdaw (Corvus
monedula), was recorded to usurp black wood-
pecker (Dryocopus martius) cavities (Nilsson et
al. 1991). Some woodpecker species regularly
prey upon nests of other woodpeckers (present
review) as well as upon other cavity (Nils-
son 1984, Walankiewicz 2002) and open nests
(Hazler et al. 2004, Weidinger 2009). Mammals,
especially carnivores and rodents, are in general
important predators of bird nests (Thompson
2007, Adamik & Kral 2008, Weidinger 2009).
The main difference in predator communi-
ties between cavity and open nesters is a group
of specialised competitors for nest sites, which
are not apparently dangerous to open nesters
(Lindell 1996). Six species could be classified
as nest competitors (that destroy nests) in the
present review — the European starling, redstart
(Phoenicurus phoenicurus), house wren (Troglo-
dytes aedon), jackdaw, the European red squirrel
(Sciurus vulgaris), and the red squirrel (7ami-
asciurus hudsonicus). These animals did not
always eat the nest content (although both squir-
rel species could do so; Walankiewicz 2002),
but usually buried it with material brought to the
nest (sticks, leaves) or threw out the nest content
and then nest in the usurped cavity (Shelley
1935, Howell 1943, Short 1979, Lange 1996,
Walters & Miller 2001, Wiebe 2003). However,
it is difficult to clearly distinguish among pure
predators and nest competitors, because reasons
for destroying nests (food/nest site) seem to be
mixed in some species (particularly in non-car-
nivorous mammals). Only starlings frequently
usurp freshly excavated woodpecker cavities
before woodpeckers start laying (Ingold 1989).
The literature showed that nests were preyed
upon at various stages of a nesting cycle; preda-
tors took both eggs and nestlings, but only rarely
the incubating or brooding adults (Appendix 2).
Qualitative data do not permit the evaluation of
whether some predators prefer nests at a certain
stage. Of the frequently recorded predators, the

deer mouse (Peromyscus maniculatus) preyed
upon only nests with eggs, while carnivores
mostly took nestlings (except European spe-
cies of martens [Martes sp.] depredating black
woodpecker nests with eggs). In the British
Columbian northern flicker population, starlings
and squirrels almost exclusively preyed upon
eggs (Fisher & Wiebe 2006a, K. L. Wiebe pers.
comm.). The red squirrel (Howell 1943) and
the European starling (Shelley 1935) were once
reported to kill adult woodpeckers, but only
carnivores are known to kill adults regularly
(Appendix 2).

Predators substantially larger than wood-
peckers cannot pass the cavity entrance. To prey
upon a nest, they must break cavity walls to
reach the nest content and this generally hap-
pens in decaying or dead trees. This behaviour
was reported for the great spotted woodpecker
(Dendrocopos major; Tracy 1933, Brown 1976),
marten (Misik & Paclik 2007), raccoon (Procyon
lotor; Kilham 1971), black bear (Ursus ameri-
canus; DeWeese & Pillmore 1972, Franzreb &
Higgins 1975, Walters & Miller 2001) and the
domestic cat (Felis cattus; Dennis 1969).

Nest defence

Woodpeckers may avoid nest predation by
selecting a safe habitat at various spatial scales
(forest stand, tree, and cavity) as they are not
limited by the location of previously existing
cavities. However, excavating ability varies
among species (Martin 1993) as it is limited by
tree hardness (Schepps er al. 1999). At the scale
of entire forest blocks, Norwegian black wood-
peckers selected isolated large trees retained in
clear-cuts, where they were less susceptible to
predation by pine marten (Martes martes) than
in contiguous old-growth forest stands (Rolstad
et al. 2000). In British Columbia, northern flick-
ers (Colaptes auratus) faced a trade-off between
the risk of predation and competitive eviction,
given that cavities associated with conifers were
more likely to be preyed upon by mammals but
less likely to be usurped by starlings (Fisher &
Wiebe 2006a).

For predators, there may be some barriers
to locate and/or approach the cavity, e.g. height
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above ground. In British Columbia, northern
flicker cavities located higher up were less often
preyed upon, but height above ground did not
influence the probability of eviction (Fisher &
Wiebe 2006a). The success of cavity nests often
increases with height above ground (Nilsson
1984, Evans et al. 2002) and cavity nesters are
known to compete for higher cavities (Nils-
son 1984). The behaviour of the red-cockaded
woodpecker (Picoides borealis) is unique — it
injures the bark of the nest tree because the fresh
resin makes the trunk unsuitable for climbing
by snakes (Jackson 1974, Conner et al. 2004).
Also, concealment may influence the risk of pre-
dation: better concealed (by vegetation around
the entrance) northern flicker cavities in Brit-
ish Columbia were less preyed upon by mam-
mals (Fisher & Wiebe 2006a). In Sweden, black
woodpecker nests in new cavities were less
preyed upon than those in old cavities (Nilsson
et al. 1991), presumably because local predators
memorized the location of old cavities, while
new cavities had to be discovered first (Sonerud
1989). A similar pattern was reported for north-
ern flickers in British Columbia, but not for three
populations of the great spotted woodpecker
(twice no effect of cavity age in Poland and
Russia, once a reverse pattern in Great Britain;
see Wiebe et al. 2007). Given that woodpecker
populations reuse cavities to varying degrees,
cavity excavation/reuse may have various ben-
efits and costs that vary according to the eco-
logical context (Wiebe et al. 2007). Although
switching of nest sites under the outcome of
previous breeding or possible encounters with
a predator slightly before breeding may be a
passive defence, it has not lead to reproductive
benefits in the British Columbian population of
northern flickers (Fisher & Wiebe 2006c¢).

Once discovered by a predator, some cavities
are still safer from depredation than others due to
their internal shape and dimensions. In particu-
lar, narrow cavity entrances may prevent large
predators from entering the nest. For example,
the pine marten could easily enter black wood-
pecker cavities with an oval entrance of 7 X 12
cm (Rolstad er al. 2000, Nilsson et al. 1991),
but not great spotted woodpecker cavities with
a 4.5 cm diameter entrance (Kosinski & Win-
iecki 2004, Misik & Paclik 2007). Similarly, the

European starling failed to prey upon nests of
the smaller downy woodpecker (Picoides pubes-
cens) due to a narrow entrance (Howell 1943). In
the present review, we showed that daily preda-
tion rate was positively correlated with body size
(~ entrance diameter) across species (see above;
Fig. 1). To reach the nest without entering the
cavity, large predators try to capture nestlings
by paws (or break the cavity walls; see below).
For this reason, the selection of deep cavities
by woodpeckers may lower the risk of preda-
tion — e.g. large cavities of northern flickers in
British Columbia were preyed upon less often
than small cavities (Fisher & Wiebe 2006a). In
comparison to other cavity nesters, woodpecker
cavities are usually deeper and without a nest
lining (Del Hoyo et al. 2002), which potentially
increases nest safety because predators may try
to reach the brood by pulling out the nest mate-
rial (Walankiewicz 2002).

According to the reviewed literature, some
large predators repeatedly failed to prey upon
woodpecker nests due to inaccessibility, although
they were successful in breaking cavity walls in
other cases. In British Columbia and California,
black bears repeatedly gave up trying to prey
upon arctic three-toed woodpecker (Picoides
arcticus), hairy woodpecker (Picoides villosus),
yellow-bellied sapsucker (Sphyrapicus varius),
red-naped sapsucker (Sphyrapicus nuchalis) and
northern flicker nests (Dixon 1927, Erskine &
McLaren 1972, Walters & Miller 2001), while
pine martens in Poland were unable to prey
upon great spotted woodpecker nests (Kosinski
& Winiecki 2004). Low predation by the black
bear on the red-naped sapsucker may be due
to frequent nesting in living trees, contrary to
the northern flicker that often breeds in dead
trees and suffers more from predation (Walters
& Miller 2001). In New Hampshire, a raccoon
failed to prey upon a hairy woodpecker nest in
one case (Kilham 1968), but in another case a
raccoon captured a brooding adult of the yellow-
bellied sapsucker, being apparently unable to
reach the nestlings (Kilham 1977b). Thus, selec-
tion of living trees with resistant wood may
lower the risk of nest predation by physically
strong predators.

Proper timing of breeding may act as an
indirect nest defence mechanism as nests later
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in the season are less vulnerable to eviction by
a simultaneously breeding competitor, the Euro-
pean starling (Ingold 1989, Wiebe 2003, Smith
2005). In Mississippi, 52% of fresh empty cavi-
ties of the red-bellied woodpeckers, a species
that breeds at the same time as the starling, were
usurped before egg-laying. In the same-sized
but later-breeding red-headed woodpecker, only
7% of cavities were usurped by starlings (Ingold
1989). However, the advantage of delayed breed-
ing is compromised by the lowered fecundity
and re-nesting potential of late broods (Ingold
1996, Wiebe 2003), and there may be other
reasons of nest failure that does not change with
date in the same way (e.g. mammalian predation;
Fisher & Wiebe 2006a).

Direct behavioural responses to the pres-
ence of a predator in close proximity to the nest
included chasing or attacking the intruder (18
published anecdotal events + 2 experimental
studies, 11 woodpecker species X 9 predator
species), and entering the nest with increased
attentiveness (one anecdotal event [male hairy
woodpecker against young red squirrels crawl-
ing the nest tree; Kilham 1968] + 2 experimental
studies, 2 woodpecker species X 2 predator spe-
cies). However, published anecdotal observa-
tions of woodpecker behaviour suggest rather
than confirm an active nest defence. Only two
experiments have been performed to date —
in the first, nesting northern flickers in British
Columbia presented with models of the Euro-
pean starling and the yellow-headed blackbird
(Xanthocephalus xanthocephalus) intensively
defended against the starling model by dives,
direct attacks, and increased nest-attentiveness
(Wiebe 2004). Similar behaviours performed
against models of the red squirrel were observed
in the second experiment, where yellow-headed
blackbird and cedar waxwing (Bombycilla
cedrorum) models were used as controls (Fisher
& Wiebe 2006b). Two anecdotal observations
from Colorado (Crockett & Hansley 1977) sug-
gest a possible interaction between nest height
and efficiency of active nest defence. A higher
cavity (10 m above ground) of the Williamson’s
sapsucker (Sphyrapicus thyroideus) was success-
fully defended against the long-tailed weasel
(Mustela frenata), but a lower cavity (1.8 m) was
not; in both cases birds intensively attacked the

predator. “Blocking” of the cavity entrance by
parent hairy woodpeckers in New Hampshire
and by northern flickers in British Columbia may
also be an example of a combined direct and
indirect defence strategy (Kilham 1968, Fisher &
Wiebe 2006b). A response to humans (adult pile-
ated woodpecker [Dryocopus pileatus] attacked
researcher’s hand; Hoyt 1957) suggests possible
direct defence against large predators.

Methodological considerations

We identified several weaknesses in the reviewed
data on woodpecker breeding success, nest pred-
ators and nest defence. Generally, the number of
studies reporting nest success in woodpeckers
is low as compared with other cavity and open
nesters, and less than half of these studies pro-
vided estimates of predation rate (see Nice 1957,
Ricklefs 1969, Johnson & Kermott 1994, Martin
1995, Wesotowski & Tomiatojé 2005). This pre-
cludes detailed quantitative comparisons among
species, habitats and geographical areas. Taking
that the precision of nest success estimates criti-
cally depends on sample size, i.e., the number of
nests (Beintema 1996), most reviewed studies
were based on inadequate sample sizes (from
eight to 1303 nests, median = 35, mean = 107,
SD = 229, n = 81 study populations). We found
a significant positive correlation between the
number of nests in a sample and daily survival
rate estimate (r, = 0.23, p = 0.041, n = 81, Fig.
2). This may be because daily survival rate esti-
mates based on smaller samples are more sensi-
tive to the number of recorded nest failures that
are rare in woodpeckers. Woodpecker popula-
tions were studied from 1 to 58 years (median =
6, mean = 10, SD = 13, n = 54) and the number
of nests studied per year varied from 1 to 156
(median = 9, mean = 17, SD = 28, n = 54).
Annual estimates of breeding success usually
differ (e.g. Pasinelli 2001, Wiktander et al. 2001)
due to multiple reasons and, therefore, estimates
based on single-year data may not be representa-
tive of the studied population.

The interpretability of nest success estimates
depends on the method of data analysis (Wei-
dinger 2007). Only 17 estimates of nest success
(< 21% of the reviewed data) from 9 studies
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Fig. 2. Correlation between daily survival rate and the
number of nests in a sample (n = 81 study populations,
all species). North American (open circles) and Euro-
pean species (filled circles) are distinguished.

(Li & Martin 1991, Glue & Boswell 1994,
LaBranche & Walters 1994, Dobbs et al. 1997,
Leonard 2001, Saab & Vierling 2001, Smith
2005, Fisher & Wiebe 2006a, Kosinski & Ksit
2006) were based on some variant of the May-
field method (Mayfield 1975). The remaining
studies were based on the traditional method,
which often overestimates true nest success.
We took this into account and corrected these
traditional estimates as suggested by Beintema
(1996). The 16 cases of Mayfield daily survival
rate estimates were highly correlated with the
corrected daily survival rate used by us (r, =
092, p_.. <0001, n = 16). Nevertheless, this
solution is not ideal, because even Mayfield
estimates assume a constant daily survival rate,
while nest losses may accumulate in a certain
period of the nesting cycle (e.g., laying and incu-
bation; Fisher & Wiebe 2006a). Thus, we urge
researchers to implement the recently developed
methods of nest survival analysis that account
for time-dependent covariates of nest survival
(Shaffer & Thompson 2007). To our knowledge,
there is only one application of such methods to
woodpecker data (Fisher & Wiebe 2006a).

Our list of woodpecker nest predators
(Appendix 2) is likely to be incomplete due to
a limited sampling effort (Weidinger 2008) and
the general difficulty in observing predators in
the field. Videotaping is currently the most reli-

able method of nest predator identification and is
being routinely used in studies of open passerine
nests (Thompson 2007, Weidinger 2008). In con-
trast, most data on predators of woodpecker nests
are based on indirect cues such as the appear-
ance of preyed-upon nests. Nest predators were
directly observed (mostly anecdotally) in only
eight studies and just a single study implemented
video surveillance (Fisher & Wiebe 2006a). We
encourage the wider use of video surveillance
in woodpecker studies to obtain both qualitative
and quantitative data on nest predators. Based
on the available indirect data, only tentative
conclusions can be drawn about the dominant
nest predators in some woodpecker populations
— e.g. pine marten vs. black woodpecker in
Scandinavia (Nilsson et al. 1991, Rolstad et al.
2000) and European starling vs. great spotted
woodpecker in Great Britain (Smith 2005).

Published qualitative notes on direct nest
defence included mostly reports of chasing and
attacking the predator, probably because such
behaviour is easy to detect (birds are often call-
ing) and observe. Hiding or attending the nest by
parents is much less obvious and the frequency
of such behaviour might be underestimated
(compared to experimental studies; Wiebe 2004,
Fisher & Wiebe 2006b). Li and Martin (1991)
suggested that the larger body size of wood-
peckers compared with many non-excavating
species increases the ability to directly defend
the nest. However, while observational stud-
ies may not reveal the mechanisms underlying
the observed patterns, all but two (Wiebe 2004,
Fisher & Wiebe 2006b) experimental studies of
nest defence were performed on open or sec-
ondary cavity nesters. Experiments on large vs.
small woodpecker species should be particularly
informative, because these two groups differ
both in nest defence potential and nest predation
rates.

Management implications

European and North American woodpeckers are,
in general, not globally threatened (although
they may be declining at the national scale;
see Mikusifiski & Angelstam 1997, Del Hoyo
et al. 2002) with the exceptions of the ivory-
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billed woodpecker (Campephilus principalis;
critically endangered), red-cockaded wood-
pecker (vulnerable) and the red-headed wood-
pecker (near threatened; IUCN 2008). None of
these woodpecker species is documented to be
threatened by predation (Del Hoyo et al. 2002,
TUCN 2008). A prime example of suggested, but
undocumented, threat is the invasion of the intro-
duced European starling across North America,
which was widely expected to have a detrimental
effect on native woodpecker populations due
to nest evictions. Although starlings negatively
affected reproductive success (e.g., red-bellied
woodpecker; Ingold 1989) or even caused a local
population decline of woodpeckers (gila wood-
pecker; Kerpez & Smith 1990), long-term popu-
lation monitoring did not reveal such a negative
effect at the continental scale (Koenig 2003). In
Great Britain, long-term population decline in
the European starling coincided with an increase
in great spotted woodpeckers (Smith 2005), but
the causality of this relationship remains unclear.

The conservation of woodpeckers mostly
deals with habitat management (Conner &
Rudolph 1991, Mikusifiski & Angelstam 1997,
Wesotowski et al. 2005, Bull er al. 2007). In
the red-cockaded woodpecker, competition (not
“predation” as defined in the present review)
with pileated woodpeckers that frequently
enlarge empty red-cockaded woodpecker cavi-
ties is taken as a serious threat (JUCN 2008).
The exclusion of fire in mature pine forests in
the south-eastern United States increased the
abundance of dead wood and, consequently, that
of pileated woodpeckers (Conner et al. 2004).
Management involves fitting restrictor plates to
cavities or making artificial cavities (Carter et
al. 1989, Allen 1991, IUCN 2008) but, ulti-
mately, increased competition is linked to habitat
change, which should be taken as a priority for
management (Conner et al. 2004).

Little is known about the demographic con-
sequences of nest predation in general, even in
bird species exposed to high predation pressures,
and attempts to reduce predation yielded mixed
results (see Gibbons et al. 2007). Because nest
predation is comparatively low in woodpeckers,
there seems to be low potential for a significant
effect of nest predation on woodpecker popula-
tions, and, consequently, low potential for the

effective conservation of woodpeckers through
management of their nest predators.
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Appendix 1. Literature data on nest predation rate and nest success, and calculated data on daily nest predation
rate, proportion of nest losses due to predation, and daily nest survival rate in European and North American wood-
peckers (for species abbreviations and variable codes see Table 1). Numbers of nests, geographical location, study
period and additional data on published Mayfield estimates of nest success and estimates of eviction rates are
given. Species from the same continent are shown in a decreasing order of body weight and data on the species
are shown in a decreasing order of daily nest survival rate.

Species PR DPR LP NS DSR n Location Period Source
(nests)
Europe
BW 0.962 0.998 134 Germany 1978-1989 Lang & Rost (1990)
0.92 0.996 25 France 1966-1981 Pasinelli (2006)
0.022 0.001 0.242 0.91 0.996 194  Germany 1974-1993 Lange (1996)
0.88 0.994 43 Germany 1977-1978 Lang & Rost (1990)
0.86  0.993 70 Germany 1976-1978 Pasinelli (2006),
Lang & Rost (1990)
0.15 0.007 1.00*® 0.85% 0.993 13 Sweden 1985-1990 Tjernberg et al. (1993)
0.80 0.990 117  Denmark 1982-1999 Christensen (2002)
0.80® 0.990 96 Denmark 1977-1986 Johansen (1989)
0.29 0.015 1.00* 0.71% 0.985 49 Sweden 1985—-1990 Tjernberg et al. (1993)
0.082 0.004 0.25 0.672  0.982 48 Germany 1977—-1983 Von Kihlke (1985)
0.352 0.019 0.89*® 0.61* 0.978 69 Sweden 1986—-1988 Nilsson et al. (1991)
0.032¢ 0.001¢ 0.072°
0.242 0.012 0.53* 0.55* 0.974 165 Norway 1990-1995 Rolstad et al. (2000)
EGW 0.922  0.996 132  G. Britain 1939-1989 Glue & Boswell (1994)
0.85° 0.996%° 252
W-bW 0.972  0.999 62 Finland 1970-1991 Virkkala et al. (1993)
0.91 0.996 70 Norway 1988—-1994 Pasinelli (2006)
0.84  0.993 30 France Pasinelli (2006)
0.78* 0.989 9 Norway 1966-1979 Bringeland & Fjeere
(1981)
0.27¢ 0.013 0.64*® 0.58* 0.977 26 Poland 1990-1991 Wesotowski (1995)
GSW 0.972  0.998 487 G. Britain 1984—-2003 Smith (2005)
0.91ab 0.9982°
0.972  0.998 1290 G. Britain 1943-2000 Smith (2005)
0.862° 0.996%°
0.912  0.995 361 G. Britain 1939-1989 Glue & Boswell (1994)
0.84°> 0.996%°> 732
0.092 0.002* 0.60* 0.81 0.995* 32 Poland 1996-1998 Mazgajski (2002)
0.082 0.004 0.67 0.89 0.994 104 Poland 2002-2004 Kosinski & Ksit (2006)
0.082°¢ 0.004° 0.67°
0.82>  0.995° 88
0.082 0.004 0.50*° 0.84* 0.991 25 Poland 2002-2004 Mazgajski & Rejt (2006)
0.78 0.987 14  Sweden Pasinelli (2006)
0.64 0.977 Russia Michalek & Miettinen
(2003)
0.29= 0.017 0.672 0.57 0.972 35 G. Britain Michalek & Miettinen
0.262°¢ 0.015° 0.60%° (2003)
MSW 0.90 0.995 38 Austria Pasinelli (2006)
0.90 0.995 68 Russia Pasinelli (2006)
0.092 0.002* 0.34*> 0.74 0.993* 35 Switzerland 1992—-1996 Pasinelli (2001)
0.072  0.004 0.40 0.83  0.991 59 Poland 2002-2004 Kosinski & Ksit (2006)
0.072¢ 0.004° 0.40°
0.69° 0.991° 50
0.822 0.990 11 Germany 1998-2001 Wirthmiller (2002)
0.052 0.002 0.09® 042 0.959 19 Sweden 1975-1982 Pettersson (1985)
ET-tW 0.082 0.004 0.382 0.79 0.988 38 Germany 1993-2004 Pechacek (2006)

continued



376 Paclik etal. + ANN.ZOOL.FENNICI Vol.46
Appendix 1. Continued.
Species PR DPR LP NS DSR n Location Period Source
(nests)
0.75* 0.986 16  Switzerland 1966, Von Ruge (1974)
1969-1970
0.752 0.986 8 Switzerland 1991-1998 Von Ruge et al. (2000)
LSwW 0.84%  0.990 74  G. Britain 1939-1989 Glue & Boswell (1994)
0.83> 0.995* 129
0.042 0.002 0.19® 0.79* 0.987 76 Sweden 1989-1998 Wiktander et al. (2001)
0.74 0.983 31  Germany Pasinelli (2006)
North America
PW 0.83 0.992 Oregon Martin (1995)
NF 0.002 0.000 - 1.00®¢  1.000 34  Arizona 1987—-1989 Li & Martin (1991)
1.00° 1.000°
0.14 0.007 1.00 0.86 0.993 14  Wisconsin Johnson & Kermott
(1994)
0.132 0.006 0.75* 0.83* 0.992 48 Massachusetts 1960, 1969 Dennis (1969)
0.02° 0.001¢ 0.132°
0.792  0.990 19 Ohio 1921-39  Kendeigh (1942)
0.20 0.005* 0.75* 0.73 0.986* 1303 B.Columbia  1998-2007 K.L. Wiebe pers. comm.
0.05° 0.002¢ 0.172°¢
0.513> 0.985* 662 B. Columbia Fisher & Wiebe (2006a)
0.672  0.982 119 Wiebe & Moore (2008)
0.33 0.018 1.00 0.67 0.982 12 Wisconsin Wiebe & Moore (2008)
0.62 0.979 21  B. Columbia 1958-1959 Johnson & Kermott
(1994)
0.30° 0.016 0.69* 0.57@ 0.975 30 B.Columbia  1989-1994 Walters & Miller (2001)
0.50 0.970 12 Colorado Johnson & Kermott
(1994)
LW 0.85 0.994 Wyoming Tobalske (1997)
0.16 0.007 0.90 0.832 0.993 283 Idaho 19941997 Saab & Vierling (2001)
0.78> 0.995°
0.352 0.016 0.822 0.57*@ 0.979 65 Colorado 1992-1993 Saab & Vierling (2001)
0.02° 0.001° 0.042°c 0.46° 0.985°
AW 0.922  0.997 12 Arizona 1987—1989 Li & Martin (1991)
0.88> 0.997°
0.822  0.992 45 N. Mexico 1975-1977 Stacey (1979)
0.272 0.013 1.00* 0.74* 0.988 34  California 1968-1974 Troetschler (1976)
0.27¢ 0.013° 1.002°¢
0.09° 0.004 0.322 0.73 0.987 183 California Johnson & Kermott
(1994)
R-hW 0.80° 0.990 59  Mississippi 1985—-1987 Ingold (1989)
0.78 0.989 18  Mississippi Johnson & Kermott
(1994)
0.75 0.987 8 Colorado Johnson & Kermott
(1994)
0.69 0.983 16  Mississippi 1984-1987 Ingold (1990)
B-bW 1.00 1.000 14 Wyoming Dixon & Saab (2000)
0.87 0.993 33 Idaho Dixon & Saab (2000)
0.712  0.983 28 Montana Dixon & Saab (2000)
0.69 0.981 19  Oregon Dixon & Saab (2000)
R-bW 0.82 0.991 38 Mississippi Johnson & Kermott
(1994), Martin (1995)
0.712  0.984 110  Mississippi 1985-1987 Ingold (1989)
0.47 0.965 15 lllinois Johnson & Kermott

(1994)
continued
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Appendix 1. Continued.

Species PR DPR LP NS DSR n Location Period Source
(nests)
HW 0.13 0.006 1.00* 0.88* 0.995 8 Arizona 1987-1989 Li & Martin (1991),
0.76° 0.993° Martin (1995)
0.222 0.011 1.00* 0.78* 0.989 9 B.Columbia  1989-1994 Walters & Miller (2001)
W-hW 0.88 0.994 16 Oregon Garrett et al. (1996)
0.83 0.992 41  Oregon Garrett et al. (1996)
AT-tW 0.79° 0.994° 60 Montana, Idaho Leonard (2001)
0.53 0.970 15  Oregon Leonard (2001)
WS 0.012 0.001 0.50* 0.98% 0.999 204  Arizona Li & Martin (1991),
0.96° 0.999° Martin (1995),
Dobbs et al. (1997)
Y-bS 0.702 0.978 10 N. Hampshire 1967 Kilham (1971)
0.13®= 0.006 0.25* 0.50* 0.970 16 N. Brunswick Erskine & McLaren
(1972)
R-nS 0.00¢ 0.000 - 1.008  1.000 18 Arizona 1987-1989 Li & Martin (1991)
1.00° 1.000°
0.032 0.001 0.50* 0.94* 0.997 31 Montana 1990-1991 Tobalske (1992)
0.102 0.005 0.48* 0.80* 0.990 103 B. Columbia  1989-1994 Walters & Miller (2001)
R-cW 0.782 0.994* 934 N. Carolina 1980-1985 LaBranche & Walters
0.73> 0.994° (1994)
0.842 0.992 31 Florida 1980-1987 Delotelle & Epting
(1992)
0.70 0.983 118 S. Carolina Johnson & Kermott
(1994)
0.66  0.980 324 Georgia Johnson & Kermott

(1994)

@ Own calculation according to variable definitions in this review (see Material and methods). All “traditional” DSR/
DPR estimates (not denoted) were calculated as DPR =1 — (1 — PR)"*57 and DSR = NS"°57 (T = the length of the
nesting cycle; for data see Table 1). A different exponent 1/T (instead of 1/0.5T) was included in the calculation
of DPR/DSR in four studies with the majority of nests found in the early stage of the nesting cycle (denoted by

asterisks).

b Mayfield estimate of NS/DSR.
¢ Eviction rate/daily eviction rate/proportion of nest losses due to eviction.
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Predace hnizd strakapouda velkého (Dendrocopos
major) kunou (Martes sp.)

Predation on Great Spotted Woodpecker
(Dendrocopos major) nests by Marten (Martes sp.)

Jan Misik! & Martin Paclik’ 2

! Pfirodovédecka fakulta UP, katedra zoologie a ornitologicka laboratof, tf. Svobody 26,
CZ-771 46 Olomouc; e-mail: honzamisik@seznam.cz

2 Pedagogicka fakulta UP, katedra biologie, Purkrabska 2, CZ-771 40 Olomoug;
e-mail: martin.paclik@post.sk

Misik J. & Paclik M. 2007: Predace hnizd strakapouda velkého (Dendrocopos major) kunou
(Martes sp.). Sylvia 43: 173-178.

Datloviti ptaci jsou relativné mdlo postizeni hnizdni predaci a pocet moznych preddtort je
u nich omezen kvuli hnizdéni v dutinach. Kuny (Martes spp.), v Evropé cCasti predatofi ptacich
hnizd, nebyly doposud uvadény jako preddtofi hnizd datlovitych ptakd, kromé nejvétsiho
z nich - datla cerného (Dryocopus martius). V tomto prispévku popisujeme dva piipady
predace hnizd strakapouda velkého (Dendrocopos major) kunou, které jsme zaznamenali na
Pardubicku v hnizdni sezoné 2000.

Woodpeckers suffer only little from nest predation and they have only a few nest predators due
to specific cavity-nesting behaviour. Martens (Martes spp.), frequent nest predators in Europe,
have not been reported as nest predators of woodpeckers before, except the largest species - the
Black Woodpecker (Dryocopus martius). In this paper, we present two cases of nest predation
by martens on Great Spotted Woodpecker (Dendrocopos major) nests that were observed in
Pardubice region (eastern Bohemia, Czech Republic) in 20006.

Keywords: Great Spotted Woodpecker, Dendrocopos major, Marten, Martes sp., nest predation

Predace je u ptaka obvykle nejcastéjsi
pricinou neuspéchu hnizdéni (Nilsson
1984, Martin 1995). Mira hnizdni pre-
dace vsak neni u vSech skupin ptakua
stejnd a lisi se mimo jiné podle umisténi
hnizda (Martin & Li 1992, Martin 1995,
Wesotowski & Tomiatoj¢ 2005). Z tohoto
pohledu jsou nejméné ohrozeni dutino-
vi hnizdici, a to zejména ty druhy, které
si dutiny samy dlabou - tzv. primdrni
dutinohnizdici (terminologie viz Paclik
& Reif 2004). V CR patfi mezi primar-
ni dutinohnizdi¢e predevsim zdstupci

¢eledi datlovitych (Picidae) kromé kru-
tihlava obecného (Jynx torquilla; Hudec
& Stastny 2005). Literdarni reserse ukaza-
la, Ze mira hnizdni predace u datlovitych
ptaki ¢ini 0-38 %, ale vétsinou nepfiesa-
huje 10 %. Pocet moznych preditort je
oproti hnizdiim v otevieném prostoru
omezen (Misik 2000, Paclik & Misik in
prep.).

V evropskych lesich pleni hnizda
v dutindch nejcastéji drobni hlodavci
a Selmy (Walankiewicz 2002). Z literatury
jsou ndm znamy tii druhy predatort
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Obr. 1. Stopy po drapech kuny (Martes sp.) na kiife u vyplenéné hnizdni dutiny strakapouda

velkého (Dendrocopos major). Vzdalenost mezi otisky drapt je cca 8mm (foto J. Misik).
Fig. 1. Claw marks of a marten (Martes sp.) on the bark at a depredated Great Spotted

Woodpecker (Dendrocopos major) nest. Distance between the marks ca. Smm (photo by

J. Misik).

Obr. 2. Letky mladého strakapouda velkého s piekousanymi stvoly, které byly nalezeny pod

hnizdnim stromem (foto J. Misik).
Fig. 2. Flight feathers of a Great Spotted Woodpecker nestling with chewed quills, found on the

ground near the base of the nest tree (photo by J. Misik).
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Obr. 3. Otvor o rozmérech 51 x 100 mm do dutiny strakapouda velkého, ktery si vytvofila kuna
a pronikla jim dovnitf. Zevnitt prosvita ptivodni otvor do dutiny (foto J. Misik).

Fig. 3. New entrance (51 x 100mm) made by a marten to reach the content of the Great
Spotted Woodpecker nest cavity. The original entrance is visible from the cavity interior (photo

by J. Misik).

hnizd datlovitych ptak(: Spacek obecny
(Sturnus vulgaris) ni¢i sntsky a mald
mldadata strakapouda velkého ve snaze
ziskat dutinu k hnizdéni (Smith 2005,
vlastni pozorovani) a strakapoud vel-
ky byl nékolikrat zaznamendn pii
plenéni hnizd strakapouda malého
Dendrocopos minor (Tracy 1933, Brown
1976, Wiktander et al. 2001). Kuna lesni
(Martes martes) casto pleni hnizda dat-
la ¢erného (Nilsson et al. 1991, Rolstad
et al. 2000), ke kterym snadno pronik-
ne vletovym otvorem o velikosti cca

7 x 12 cm. Hnizda mensich druht dat-
lovitych jsou povazoviana za bezpecna
vici kuné, nebot vletovy otvor o prume-
ru 4,5 cm je pfilis maly na to, aby jim pro-
nikla do dutiny (Nyholm 1970, Kosinski &
Winiecki 2004). Tento piispévek popisuje
minimdalné dva ispésné piipady predace
hnizd strakapouda velkého kunou.
Pozorovani byla pofizena v lesich
mezi obcemi Dolany a Hradek u Pardu-
bic (vychodni Cechy, 50°05"N 15°42"E,
nadmoiska vyska 220 m). Uzemi pokry-
vaji pozustatky luznich porosta s druhot-
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n¢é pozménénou skladbou, pficemz hlav-
nimi dfevinami jsou dub letni (Quercus
robur), jasan ztepily (Fraxinus excelsior),
olse lepkava (Alnus glutinosa), borovice
lesni (Pinus sylvestris) a smrk ztepily
(Picea abies). Prevazuji listnaté porosty.
Na popsaném uzemi provadime od roku
2005 intenzivni vyzkum populac¢ni bio-
logie $plhavci. Uzemi o celkové rozloze
cca 4 km? je kontrolovano alespon jed-
nou tydné od dubna do ¢ervna. Vyzkum
zahrnuje scitani hnizdicich ptaka, vy-
hledavani a pravidelné kontroly hnizd
s cilem ur¢it jejich osud.

V hnizdni sez6né 2006 jsme zazname-
nali dva pfipady predace hnizd straka-
pouda velkého, které prisuzujeme kuné.
Prvni vyplenéné hnizdo se nachizelo
v dutiné ve vrcholku ztrouchnivélého
pahylu bfizy asi 6 m nad zemi. Dne 22. 5.
byla jesté v dutiné mladata, pii kontrole
3. 6. jiz bylo hnizdo prazdné. V okoli
vletového otvoru jsme objevili srst a sto-
py po driapech (obr. 1). Na zemi pod
hnizdnim stromem jsme nalezli rucni
letky asi ¢trnactidennich mldadat, jejichz
stvoly byly piekousané a mély roztie-
pené okraje (obr. 2). Preddtor nevnikl
do dutiny vletovym otvorem o prameéru
45 mm, ale probofil ztrouchnivély strop
dutiny, ¢imz vznikl otvor o rozmérech
51 x 100 mm (obr. 3).

Druhy piipad jsme zaznamenali ve
stejnou dobu asi 1km od mista prvni-
ho vyplenéného hnizda. Hnizdo bylo
umisténo v odumirajicim dubu asi 5m
nad zemi. Dne 23. 5. byla jesté v dutiné
mladata, 30. 5. bylo jiz hnizdo prazd-
né. Pavodni vletovy otvor o praméru
45mm byl zvétsen na primér 60 mm.
U paty stromu se jako v prvnim piipadée
nachazely letky mladat. V jiné dutiné ve
stejném strom¢ ziejmé doslo k vyple-
néni hnizda strakapouda stejnym zpu-
sobem i v roce 2005, protoze otvor byl
taktéz zvétsen. Okoli stromu a dutiny
vsak v lonském roce nebylo prohledino,
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a proto nemdme piesvedc¢ivé znamky
predace kunou.

Ackoli samotné vyplenéni hnizda
nebylo pfimo pozorovano nebo zachyce-
no nahravaci technikou, podle typickych
znaku byla za predatora celkem pfesvéd-
¢ivé urcena kuna. Vyska vyplenénych
dutin nad zemi ukazuje na dobfe Splha-
jici druh. Chlupy na cerstvé odienych
plochach u dutiny byly vizudlné velmi
podobné chlupim kuny ze zajeti, jejich
podrobnéjsi analyza vSak nebyla prove-
dena. Prekousané letky mladat s roztie-
penymi okraji ukazuji na predaci Selmou
a skrdbance na kmeni se vzdilenosti
8 mm mezi drapy ukazuji presvédcive na
kunu (Walankiewicz 2002). Probourané
stény dutiny svédci o tom, ze slo o silné
vEtsi zvite, které se do dutiny neprotahlo
vletovym otvorem. Nevime, o ktery druh
kuny se jednalo. Na zakladé pfimych
pozorovani na lokalité je ale pravdépo-
dobng¢jsi kuna lesni.

Kuna nevnikla do dutiny puvodnim
vletovym otvorem, ale az po jeho zvétseni
nebo vytvoreni nového. Tento destruktiv-
ni zpsob plenéni dutin je ve svété zndm
u vétsich druht savet (a také samotnych
datlovitych ptakl; LaBranche & Walters
1994), kteii se neprotihnou vletovym
otvorem. V Severni Americe takto pleni
hnizda datla zlatych (Colaptes auratus)
a datl rudohrdlych (Sphyrapicus vari-
us) medvéd baribal (Ursus americanus;
Walters & Miller 2001, Fisher & Wiebe
2006). Hnizda datlt rudohrdlych jsou
podobné plenéna myvalem severnim
(Procyon lotor; Kilham 1971). Tito preda-
tofi jsou schopni ohrozit jen hnizda ve
stromech v pokrocilém stupni rozkladu,
ktery umoznuje zvétseni otvoru pomoci
drapu a zubti. Taktéz oba nami prezento-
vané piipady predace se odehrdly v duti-
nach vydlabanych ve ztrouchnivélém
dfeveé. Dievo bylo pfesto pevné a roz-
hodné neslo napft. rozebirat rukou.

Tato pozorovani pfedstavuji prvni



publikované ptipady predace hnizd stra-
kapouda velkého kunou. Kuna je zfej-
me¢ pouze piilezitostnym preddtorem
hnizd strakapoudt, jejichz dutiny jsou
pro ni Spatné pristupné (Nyholm 1970).
Kazdopadneé se o vyplenéni hnizd straka-
poudu pokousi, coz doklddaji Kosinski
& Winiecki (2004) pfimym pozorovanim
¢tyt neuspeésnych pokusti kuny vyplenit
hnizdo strakapouda velkého. Nami uvi-
déné dva az tii pfipady predace kunou
lesni piipadaly na zhruba 100 sledova-
nych hnizd strakapouda velkého v letech
2005 a 2006. Skute¢nd mira hnizdni pre-
dace muize ale byt vyssi, protoze vétsina
nami studovanych hnizd byla objevena
az ve stadiu vyspélejsich mladat a ptipa-

vvvvvv

hnizdéni tak nemohly byt objeveny.
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SUMMARY

The nest predation rate in woodpeckers
is usually lower than 10% and the
number of potential nest predators
is limited due to their specific cavity-
nesting behaviour (Misik 20006, Paclik
& Misik in prep.). In Europe, only three
species of woodpecker nest predators
were confirmed to our knowledge: the
European Starling (Sturnus vulgaris) as
a predator of Great Spotted Woodpecker
(Dendrocopos major) mnests (Smith
2005), the Great Spotted Woodpecker as
a predator of Lesser Spotted Woodpecker
(Dendrocopos minor) mnests (Tracy
1933, Brown 1976, Wiktander et al.
2001) and the Pine Marten (Martes
martes) as a regular predator of Black
Woodpecker (Dryocopus martius)
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nests (Nilsson et al. 1991, Rolstad et
al. 2000). Nests of smaller woodpeckers
(e.g., Great Spotted) are considered safe
Jfrom Pine Marten, because the 45-mm
(or smaller) entrance prevents martens
from squeezing through (Nyholm 1970,
Kosinski & Winiecki 2004). In this paper,
we describe two cases of successful
predation by marten (Martes sp.) on
Great Spotted Woodpecker nests in forests
between villages Dolany and Hrddek
u Pardubic, Czech Republic (50°05’'N
15°42’E, altitude 220 m).

The first robbed nest was located at
the top of a dead stub of a Silver Birch
(Betula pendula), approximately 6Gm
above the ground. On May 22, 20006,
nestlings were still present. On June 3,
the nest was found empty. On the bark
around the cavity, typical hair and claw
marks of a marten were found (Fig. 1).
On the ground near the base of the nest
tree, nestling flight feathers with chewed
quills were found (Fig. 2). The marten did
not squeeze through the original 45-mm
diameter entrance, but made a new one
of the size 51 x 100 mm through the
decayed cavity wall (Fig. 3). The second
robbed nest was located in the middle of
the trunk of a dying Pedunculate Oak
(Quercus robur), approximately 5m
above the ground. On May 23, 20006,
nestlings were still present. On May 30,
the nest was found empty. The original
45-mm diameter entrance was enlarged
to 60mm. As in the first case, chewed
nestling primaries were found at the
base of the nest tree.

These have been the first published
observations ofthe predation onthe Great
Spotted Woodpecker nests by martens.
Earlier, Kosinski & Winiecki (2004)
observed four unsuccessful predation
attempts by a marten in this species.
Although our predation events were not
directly observed or recorded using a
camera, typical signs (chewed feathers,
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claw marks, hair, and broken cavity
walls) made us sure in the identification
of a marten (unknown species) as the
predator. However, martens seem to
be only accidental predators of Great
Spotted Woodpeckers and similar-sized
species.
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Abstract

Parent birds make effort to prevent the immediate costs of predation through plastic
behavioural responses to the actual predation risk, but this may incur future costs for offspring
due to reduced parental care. However, the temporary nature of predator encounters suggests
that nestling feeding reduced during the risky periods may be later compensated for by an
increased feeding effort (the predation risk allocation hypothesis). We tested this prediction in
the Great Spotted Woodpecker (Dendrocopos major) confronted with its major nest
predator/competitor, the European Starling (Sturnus vulgaris). A brief encounter with a live
starling was followed by reduction in the nestling feeding rate, but the lost feedings were
subsequently compensated for by an increased feeding rate. This compensatory effect was
higher in older nestlings that are highly demanding in terms of energy requirements and
fitness value from the parents’ perspective. Thus, birds are potentially able to respond not
only to the immediate risk of nest predation by nest defence, but also compensate for the
potential costs of nest defence in terms of unfulfilled nestling demands. However, as we did
not deal with the amount of food, it is not clear to which degree parents truly compensated for
lost feeding and another role of increased feeding frequency, the nest guarding/monitoring, is

possible.

Keywords: parental care, predation risk allocation hypothesis, nest defence, nestling feeding,

compensation, Dendrocopos major, Sturnus vulgaris



Introduction

Predation is an important cause of nest failure in birds. Apart from adjusting their life
histories (Fontaine and Martin 2006; Martin and Briskie 2009) and nest-site selection (Martin
1993; Lima 2009), birds lower the potential costs of predation through plastic behavioural
responses to the actual risk (Caro 2005; Lima 2009; Martin and Briskie 2009). However, in an
effort to do this, indirect effects of predation may arise as antipredator behaviour, although
immediately beneficial in terms of nest survival, may incur future costs, particularly for
offspring (Metcalfe and Monaghan 2001; Cresswell 2008; Lima 2009). Ultimately, these so
called non-lethal effects of predation may be more important than predation itself (Cresswell
2008).

Altricial birds vary in ability to defend their nests against predators. Both direct (e.g.,
chasing the predator) and indirect nest defence (e.g., preventing nest disclosure by the
reduction of visits; see Martin et al. 2000; Caro 2005) may have similar non-lethal effects in
terms of unfulfilled nestling demands due to reduced parental care (Cresswell 2008).
Ultimately, less food delivered to the nest or cooling may affect nestling growth (Scheuerlein
and Gwinner 2006; Dunn et al. 2010) and their future survival and reproductive chances
(Rytkonen et al. 1995; Metcalfe and Monaghan 2001). The conflicting immediate and future
effects of predation suggest a need for flexible decision-making under the actual predation
risk (Martin 1992; Cresswell 2008; Lima 2009). Resulting plastic predator-induced
behavioural adjustments further interact with such environmental factors as nest concealment
(Remes 2005; Eggers et al. 2008), food availability (Eggers et al. 2008; Dunn et al. 2010),
and/or predator density or temporal activity patterns (Eggers et al. 2005; 2008).

While it is always necessary to defend the nest instantly at the time of predator
presence, the temporary nature of predator encounters suggests that nestling feeding may be
reduced in periods of increased predation risk but later compensated for (the predation risk
allocation hypothesis; Lima and Bednekoff 1999; Eggers et al. 2005). As nests are likely
exposed to predation risk repeatedly during a single breeding attempt, the existence of such
compensatory behaviour is expected, because cumulative effect of repeatedly reduced
parental care would otherwise be fatal (Cresswell 2008; Dunn et al. 2010). Further, as
potential reduction of parental care is constrained to some degree by nestling requirements
(Dale et al. 1996; Caro 2005), the need for compensation is expected to increase with rising
requirements, particularly with brood age due to the increasing rate of feeding (Grundel 1987;

Rossmanith et al. 2009; Dunn et al. 2010) and of nest defence (Caro 2005).



Here we analyze the effect of experimentally induced nest defence behaviour on the
feeding behaviour in the Great Spotted Woodpecker (Dendrocopos major). Woodpeckers
were presented with a live European Starling (Sturnus vulgaris), the species that (apart from
competition for cavities yet without a woodpecker clutch) plunders the woodpecker eggs and
young nestlings (laying and incubation periods are the most risky), but provides nearly no risk
to adults (Michalek & Miettinen 2003; Paclik et al. 2009). We suppose that parental feeding
visits do not increase predation risk by the Starling (sensu Martin et al. 2000) as woodpecker
cavities are easy to detect by this predator/competitor; more likely the frequent feeding visits
(~ increased nest attendance) may serve as preventive nest guarding. Accordingly,
woodpeckers directly defend the nest against the Starling by blocking the cavity entrance or
by aerial attacks, during and for some time even after which they usually reduce (interrupt)
the feeding of young. The intensity of thus defined nest defence increases during the nesting
cycle regardless the starling could not harm old nestlings (Misik 2009; Paclik et al. 2009). We
predict that (1) among the breeding pairs, the more the feeding rate of young is reduced in
favour of nest defence, the more it should increase later to compensate for this reduction. As
the feeding rate (Michalek & Miettinen 2003) and nest defence intensity (Misik 2009)
increases with brood age, we predict that (2) on average, the nest defence would cause greater
reduction in the feeding rate in older nestlings and the compensatory effect should be thus

more apparent in the late nesting stage.

Methods
This study was carried out in managed deciduous forests composed mainly of Pedunculate
Oak (Quercus robur; for details see Misik 2009) near Pardubice town (eastern Bohemia,
Czech Republic, 50°07'N 15°45°E, altitude 220 m) in 2008. The Great Spotted Woodpecker
is an abundant medium-sized European woodpecker that is socially and genetically
monogamous with equally shared care of the nest by both parents (Michalek and Miettinen
2003). The complete clutch in the studied population contains mostly five eggs and usually
four young fledge after c. 22 days, mainly at the beginning of July (Misik 2009). As reviewed
by Paclik et al. (2009), nest eviction, mainly by the European Starling, is frequent (8-26%)),
causing c. 65% of total nest losses. Woodpecker cavities included in the present study (0.5-7
m above ground) were inspected twice a week by telescopic mini-camera or were observed
from a distance of ca. 15 m (nestling stage) to check if nest is surviving.

Breeding woodpeckers were presented with a live European Starling — a tame

individual cared for by the accredited centre for handicapped wildlife (Jaro-Jaromét wildlife



rescue station). Despite the bird was captive, it showed no appreciable differences from
typical Starling appearance and behaviour. To minimize starling’s stress, we conducted only
one or two experiments per day (separated by c¢. 3-hour time interval) and the length of
exposure to woodpeckers per one experiment was set to 5 min. During the experiment the
starling was placed in an experimental inconspicuously coloured cage (30x30x%25 cm).
Skeleton of the cage prevented any injury caused by approaching woodpeckers while soft
inside netting prevented a self-injury. For the rest of the time (transport to and from study
plot, the period between occasional two exposures per day) the starling was housed in a cage
covered by light breathable fabric and supplied with water and food ad libitum. Even
immediately after exposure, the starling showed no marks of discomfort or stress. All
procedures were approved and supervised by the Ethical Committee of Palacky University.

The experiment was carried out twice on each of 15 woodpecker nests, in the stage of
young (day 1-8 post hatch, median = 4) and old nestlings (day 14-18 post hatch, median =
16), respectively. In total, 29 different adult woodpeckers responded (14 pairs plus one single
male). The experimental schedule included a preparatory phase and two experimental phases
(before/after starling exposure).

In the preparatory phase (10-20 min), we installed and masked a temporary shelter
about 15 m from the nest tree, a cable-railway between the shelter and the nest tree (fixed 1 m
below the cavity entrance), and two video cameras positioned and masked on the ground 5-7
m from the nest tree and focused on the cavity entrance and c¢. 3 m wide area around the
cavity. Finally, we turned on the cameras and left the territory. From the onset the cameras
worked continually until the end of experiment. Undisturbed feeding behaviour ("before")
was video-recorded for 75 min, but only the last 60 min were used for the analyses (first 15
min were left for calming down the woodpeckers after preparatory phase; see Discussion).
Then, the observer (J. M. in all cases) with starling in the experimental cage quietly entered
the shelter and at the right moment when no birds were visible outside the nest (e.g., interval
between feeding visits, or a bird deep inside the cavity) he transported the cage by the railway
to the cavity tree. Starling exposure to woodpeckers (= the time of interaction between the
two species) lasted exactly 5 min from the first detection by woodpeckers (approach to the
nest tree; mostly < 1 min from the erection of the starling, maximum = 8 min). Direct nest
defence behaviour (not described here) exhibited by woodpeckers in most of the 30
experiments (15 nests x 2 repeated experiments) included blocking the cavity entrance and
chasing the intruder by dives and strikes. In cases when both parents acted together during the

starling exposure (18 of 30 experiments; for details see Misik 2009), the two behaviours were



usually performed simultaneously. After exposure the cage was pulled back to the shelter.
Further, after 5-10 min of waiting for the right moment the observer with starling quietly left
the shelter and the territory with special respect to keep the woodpeckers undisturbed. Video-
recording of disturbed feeding behaviour ("after") continued for 60 min from the end of
starling exposure. At the end, the whole experimental setup was dismounted and carried
away. Recordings were done between 07—19 h CEST (earliest start to latest end; median [start
of the starling exposure, i.e., the middle of the experiment] = 13 h) in young and 08—16 h
CEST (median = 11 h) in old nestlings.

For both experimental periods (before/after starling exposure) we determined from the
video recordings three behavioural response variables. The latency to feed is defined as the
time from the start of the 60-min recording period (before) or from the end of starling
exposure (after) to the first feeding. The gross feeding rate is defined as the number of
feedings per 60-min recording period, including the latency to feed. The net feeding rate is
defined as the number of feedings from the first feeding to the end of the 60-min period (i.e.,
excluding the latency to feed), extrapolated to a complete 60-min period. The variables refer
to the situation at the “whole” nest as individual differences between parents were not taken
into account (both parents shared feeding duties in 14 and 9 [of 15] nests with young and old
nestlings, respectively).

To analyze the effect of predator disturbance on feeding rate we examined the
relationship across individual nests between the change in latency to feed (after minus before)
and the change in gross/net feeding rate (after minus before) by means of simple linear
regression. We used analysis of covariance to check whether the relationship is consistent
between nestling age groups (see Results). Because the two experiments at each of the 15
nests were separated by 8—14 days (median = 13) and the two repeated measurements of
parental feeding behaviour were uncorrelated (r;4 =—0.29 to 0.12, all p > 0.28), we performed
the above analyses on a pooled sample of 30 measurements from young and old nestlings. All
numerical results were corroborated by a mixed model analysis that accounted for repeated
measurements (results not reported).

We compared behaviour before vs. after starling presentation and during young vs. old
nestling stage within individual nests by means of paired t-test. Paired design of our
comparisons and analysis of within-nest changes rather than of absolute values minimized
confounding effects of potential covariates (e.g., brood size and exact age, parental and
territory quality, timing of the experiment within a day). Because of limited sample size, we

validated results of parametric analyses by means of nonparametric alternatives (Wilcoxon



matched-pair test and Spearman rank correlation). The latter analyses led to qualitatively the
same conclusions (direction and statistical significance of the effects) so the results are not

reported.

Results

The latency to feed prolonged in response to presented starling was subsequently
compensated for by an increase in net feeding rate (129 = 0.45, Fy 23 =7.11, p=10.013, net
feeding = —0.24[£1.00SE] + 0.24[£0.09]*1latency; Fig. 1a), but was unrelated to the change in
gross feeding rate (29 = —0.10, F; 25 =0.29, p = 0.593, gross feeding = —0.65[1£0.96] —
0.05[%0.09]*latency; Fig. 1b). Non-significant intercepts in both cases support the expectation
that unchanged latency to feed should not induce any change in feeding rate. The above
relationships were consistent between nestling age groups (Fig. 1), which was further
supported by non-significant interaction effect (change in latency x age group) on net feeding
rate (Fi 26 = 0.01, p=0.909) and gross feeding rate (F; 26 = 1.36, p = 0.254).

As the gross feeding rate in the undisturbed period before starling exposure was, on
average, about two-fold higher in the stage of old nestlings compared to young nestlings
(paired tj4 = 4.48, p < 0.001; Table 1), the corresponding mean latency to feed was naturally
lower in the stage of old nestlings than of young nestlings (paired t;4 =—-2.96, p = 0.010;
Table 1). However, the response of the woodpeckers towards the starling, as reflected in
latency to feed after disturbance, did not differ between stages of young and old nestlings
(paired t;4 = 0.10, p = 0.924; Table 1). Disturbance by the starling caused neither an increase
in the latency to feed nor the change in subsequent net feeding rate in the stage of young
nestlings (Table 1). Contrary, disturbance by the starling induced more than a four-fold
increase in latency to feed in the stage of old nestlings that was subsequently compensated for
by an increased net feeding rate (Table 1). The resulting gross feeding rate after disturbance

remained, on average, unchanged in both the young and old nestlings (Table 1).

Discussion

A brief encounter of Great Spotted Woodpeckers with their major nest predator, the European
Starling, caused a temporary reduction in the nestling feeding rate but this was subsequently
compensated for by increased feeding rate. In addition, the compensatory effect increased

with nestling age.



The level of nest predation risk is mainly inherent to nest-site and the breeding habitat
(Martin 1993; Martin et al. 2000; Fontaine et al. 2007), but to some degree also to parental
behaviour, which in particular shapes and is shaped by predation risk (Martin et al. 2000;
Ghalambor and Martin 2002; Weidinger 2002; Remes 2005; reviewed in Martin 1992; Lima
2009). The Great Spotted Woodpecker ranks within a guild of primary cavity nesters typical
of low nest predation rates (Martin 1995; Fontaine et al. 2007), but intensive competition for
cavities from secondary cavity nesters (Ingold 1989) is responsible for significant nest losses
(treated here as predation; see Paclik et al. 2009). This exerts a selection pressure on
woodpecker antipredator behaviour, both the direct nest defence and subsequent nest
guarding, that incurs cost of reduced feeding. However, woodpeckers reduce feeding rather
because it competes with the time necessary for nest defence (guarding) than purposely to
reduce the chance of nest disclosure (cf. Ghalambor and Martin 2002; Eggers et al. 2005;
2008; Dunn et al. 2010).

The allocation of effort to nest defence against other types of parental care in risky
situations varies among individuals and species (Ghalambor and Martin 2002; this study;
reviewed in Martin 1992; Caro 2005) and depends on two principal factors, the willingness
and ability to defend the nest (e.g., parent residual reproductive value or physical abilities,
value of offspring, nest safety or concealment; reviewed in Caro 2005), and nutritional or
thermal requirements of nestlings (e.g., condition, age and number of young; Grundel 1987;
Dale et al. 1996; Rossmanith et al. 2009; Dunn et al. 2010). Because the predation risk may
change temporarily, parents can allocate more antipredator effort to high-risk periods and
more feeding effort to low-risk periods as predicted by predation risk allocation hypothesis
(Lima and Bednekoff 1999; Eggers et al. 2005). Our results are concordant with the above
hypothesis. First, we found that feeding visits that were lost due to nest defence and
subsequent guarding were compensated for by an increased feeding rate. Second, we found
stronger compensatory effect in older broods that are highly demanding in terms of energy
requirements (Grundel 1987; Rossmanith et al. 2009; Dunn et al. 2010) and have higher
fitness value from parents” perspective (Caro 2005).

However, our conclusions are valid as far as the particular measure of food
provisioning, the feeding rate, is considered. As we did not deal with the amount of food
delivered per feeding trip, it is not clear to which degree the increased feeding rate truly (i.e.,
energetically) compensated for lost feeding opportunities in terms of total food delivery.
Concurrently, the increased feeding rate, when achieved by shortening the foraging distance

and reducing loads per one feeding trip (according to the marginal value theorem), may partly



serve as preventive nest guarding/monitoring strategy (~ increased nest attendance) grouped
with maintenance feeding in a risky situation (Martindale 1982). Although data of the present
study does not allow drawing the final conclusion, there are several indications speaking in
favour of compensation. First, Great Spotted Woodpecker is mostly a foliage-gleaning forager
at the time of breeding (Michalek and Miettinen 2003) and its prey is plentiful and
homogeneously distributed in the studied habitats. Second, small territories (Michalek and
Miettinen 2003, own data) do not allow foraging so far from the nest (usually just 100-200
m). Therefore, the potential for differential foraging strategies close and far from the nest is
rather low. Nevertheless, future studies should consider, apart from feeding rate, data on
amount and quality of food, as well as frequency of natural predator encounters, because non-
lethal costs of reduced feeding and thus required compensatory effort vary with encounter
frequency and length (Lima and Bednekoff 1999; Eggers et al. 2005).

We designed the experiment to simulate a short starling encounter to woodpecker
cavity, the situation that frequently happens in our study system (own observations) or
elsewhere (e.g. Ingold 1989). We suppose that observed woodpecker responses were close to
natural because we used a live predator and minimized overall human disturbance. Yet, we
identified two potential problems inherent to the present experimental design. First, the
comparison of parental behaviour after vs. before starling presentation might have been
confounded by varying level of observer disturbance between these two stages of the
experiment (observer’s retreat from the shelter after the starling exposure). Nevertheless, the
latency to feed due to human disturbance in the preparatory phase of the experiment (taken
from the first 15 min of video recording not included into analyses; see Methods) reached
comparatively low values of 3.9 £ 1.0 min (mean £ SE) in young and 5.6 + 0.8 min in old
nestlings (compare with Table 1: "After"). This suggests that even an observer activity
(arrangement of experimental setup) much more disturbing than the silent retreat from the
distant shelter would not delay the subsequent feeding much above natural level and is
unlikely to raise the observed difference in behaviour after vs. before starling exposure.
Second, we recorded parental behaviour during only 60 min period before/after predator
presentation (but see Dunn et al. 2010). While this short recording time might confound an
existing pattern through high measurement variance, it is unlikely to produce by chance the
consistent pattern that was detected. Because feeding frequency in this particular species is
comparatively high (e.g., Eggers et al. 2005), we believe that the recording time period was

adequate.



Summing up, this study demonstrated the potential for behavioural compensation in
avian parental care. Our results support the view that birds respond not only to the immediate
risk of nest predation by engaging in nest defence (Martin et al. 2000; Weidinger 2002;
reviewed in Caro 2005; Lima 2009), but also compensate for the potential cost of nest defence
behaviour in terms of unfulfilled nestling demands (when feeding frequency is considered)
and the parental behaviour can be altered in the progress of nestling periods. Future studies
should distinguish between the two possible interpretations of increased feeding frequency —
true compensation of lost feedings (increased amount of food brought to the nest) and

preventive guarding/monitoring.
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Table 1: Response of Great Spotted Woodpecker parents to the experimental starling
exposure (5 min, periods before and after the exposure are compared) in terms of feeding

young (1-9 days after hatching) or old (14-18 days after hatching) nestlings.

Variable Before * After® Difference’ p°
Young nestlings
Latency to feed ¢ 8.2+1.5 11.3+2.1 3.142.7 0.262
(1-22) (1-32)
Net feeding rate 10.741.2  10.1+1.4 —0.6£1.3 0.675
(3.1-18.2)  (4.3-20.0)
Gross feeding rate © 9.3+1.1 8.1£1.2 ~1.241.1 0.287
(3-17) (4-18)
Old nestlings
Latency to feed 2.610.8 11.6£2.0 9.0£2.0  <0.001
(0-9) (2-27)
Net feeding rate 19.4+1.7 224414 3.0+1.2 0.025
(7.9-31.5) (15.8-31.2)
Gross feeding rate 18.7¢1.7  18.0%1.3 -0.741.2 0.589

(7-31)  (11-27)

* Overall meantSE (range); n = 15.

® Mean+SE within-pair difference.

¢ Paired t-test; df = 14.

4 Latency (min) to the first feeding from the start of 60 min recording period.
*Number of feeding trips per 60 min, excluding the latency to the first feeding.
"Number of feeding trips per 60 min, including the latency to the first feeding.
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Fig. 1: The effect of experimentally changed latency to the first feeding on the net feeding
rate (a) and the gross feeding rate (b) in 15 Great Spotted Woodpecker nests with young (grey
dots, grey dashed line) and old (black dots, black dashed line) nestlings and pooled age
groups (solid black line). Values >0 indicate prolonged latency to feed and increased feeding
rate after the starling exposure compared to that before the starling exposure. See Table 1 for

other details.
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Abstract We examined the relationships between cavity
temperature, ambient temperature outside the cavity and
structural characteristics of 70 cavities measured for 1 night
to determine if cavity roosting birds may potentially select
warmer tree cavities for wintertime roosting. The mean
temperature increment of the cavity (=cavity-ambient
temperature) varied from —2.4 to 4.9°C and increased with
higher day-to-night fluctuations in the ambient temperature,
smaller cavity entrance and better health status of the cavity
tree. Cavities in healthy trees were warmer than those in
dead trees, but this difference disappeared with rising mean
ambient temperatures. This interaction between the effects
of tree health status and mean ambient temperature, as well
as the effect of day-to-night fluctuations in the ambient
temperature, were supported by the analysis of repeated
measurements of temperature taken on 12 consecutive
nights in five cavities. The variability in cavity micro-
climates makes the selection of warmer roost sites possible,
and the predictors of microclimate may provide indirect
cues to prospecting birds.

Keywords Winter- Temperature - Tree cavities - Birds -
Roosting
Introduction

Winter is a critical period for the survival of animals that
inhabit northern latitudes, mainly because of restricted food,

M. Paclik (<) - K. Weidinger

Laboratory of Ornithology, Palacky University,
Tt. Svobody 26,

771 46 Olomouc, Czech Republic

e-mail: martin.paclik@post.sk

long nights and cold ambient temperatures. In such con-
ditions, diurnal birds spend much time roosting, during which
they experience depressed nighttime temperatures. Then,
because they cannot feed, individuals should minimize their
nocturnal energy expenditure in order to increase fasting
endurance. Mechanisms of such energy saving include the
selection of favourable roost sites (Mayer et al. 1982;
Walsberg 1986; Webb and Rogers 1988; Cooper 1999),
nocturnal hypothermia (Mayer et al. 1982; Reinertsen and
Haftorn 1986) or communal roosting (Du Plessis and
Williams 1994; Du Plessis et al. 1994).

Cavities are considered better for roosting purposes than
open sites (Kendeigh 1961; Mayer et al. 1982; Cooper
1999). This may be why cavity nesting birds, such as
woodpeckers (Dendrocopos spp.), tits (Parus spp.) and
nuthatches (Sitta europaea), utilize tree cavities also as
winter roost sites (Busse and Olech 1968; Mazgajski 2002).
However, the energy savings due to cavity roosting vary
from zero to tens of percent and they increase with severe
ambient weather (Kendeigh 1961; Mayer et al. 1982;
Cooper 1999). The advantage of cavity roosting was
ascribed mainly to the reduction of wind speed (Moore
1945; Cooper 1999; Mayer et al. 1982), but this is not an
exclusive feature of cavity roosting, because also non-
cavity roost sites (e.g. dense vegetation) may protect birds
against wind (Walsberg 1986; Webb and Rogers 1988).
Moreover, cavities help to conserve metabolic heat gener-
ated by a bird, which finally increases the temperature at
the roost site (Du Plessis and Williams 1994; Du Plessis et
al. 1994; Cooper 1999). The same is not generally true for
non-cavity roosts (Walsberg 1986; Webb and Rogers 1988).

Even when unoccupied by a bird, a cavity itself provides
a microclimate different from the ambient one (McComb
and Nobble 1981; Du Plessis et al. 1994; Sedgeley 2001,
Wiebe 2001). Moreover, the microclimate may differ
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among cavities simply because of the variation in their
structural characteristics (Sedgeley 2001; Wiebe 2001), and
it may depend on the ambient weather (Du Plesiss and
Williams 1994; Du Plessis et al. 1994). However, little is
known about the factors influencing cavity microclimate.
Studies of cavity microclimate are often based on small
sample sizes (Du Plesiss and Williams 1994; Sedgeley
2001; McComb and Nobble 1981), which limit the
detectability of significant patterns. Recently, Wiebe
(2001) recorded temperature profiles of 86 woodpecker
nest cavities and found the tree health, the diameter of the
trunk at cavity height and the entrance orientation to be
significant predictors of cavity temperature. No similar
study has yet focused on the nighttime temperature of
winter cavity roosts.

Here we report on the correlates of nighttime tempera-
ture inside tree cavities in winter. We examined the
relationships between cavity temperature, ambient temper-
ature and structural characteristics of cavities. Our aim was
to examine whether thermal properties of tree cavities are
predictable from cues that are available to prospecting
birds. Finally, we discuss some implications for tempera-
ture-dependent roost site selection in birds.

Materials and methods
Study area and tree cavities

The fieldwork was carried out near the village of Dolany
(50°07'N, 15°41'E; altitude 220 m), the Czech Republic,
during two winter periods—January to February 2004 and
December 2004 to February 2005. The local flat landscape
encompasses a mixture of managed forests, fields, meadows
and scattered tree stands such as alleys and groves. The
remnants of native lowland deciduous forests are dominated
by pedunculate oak (Quercus robur), European ash (Frax-
inus excelsior) and black alder (Alnus glutinosa). Long-
term means of winter daily temperature are —0.3°C for
December, —2.1°C for January and —0.2°C for February
(meteorological station Hradec Kralové; 50°10'N, 15°50'E;
altitude 278 m).

We searched for tree cavities that were potentially
available for roosting (entrance diameter>2 cm, internal
dimensions sufficient at least for a small passerine, dry).
Potential roost cavities need not be suitable for nesting,
because they include also sites such as shallow niches. We
restricted our search to cavities located up to 7 m above
ground. We measured 70 cavities located in 60 trees of the
following species: willow (Salix spp., 14), grey alder (Alnus
incana, 12), black alder (10), apple tree (Malus domestica,
6), silver birch (Betula pendula, 5), white pine (Pinus
strobus, 5), European ash (3), black elder (Sambucus nigra,
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1), pedunculate oak (1), alder buckthorn (Frangula alnus,
1) and small-leaved linden (T7ilia cordata, 1). Birds
potentially roosting in the cavities included woodpeckers,
tits, nuthatches and tree sparrows (Passer montanus). We
confirmed roosting in two cases (great tit Parus major, and
tree sparrow) and assumed it in eight other cavities on the
basis of droppings.

Measurements

We used two-channel HOBO temperature data loggers (H8
Temp/External, Onset Computer Corp., Pocasset, MA,
USA) for measurements of temperature. We inserted the
temperature probe on an extension cable through the cavity
entrance close to the cavity floor, where birds usually roost.
The probe (25 mm tip of the cable) was placed inside a wire
basket (20 mm diameter) to prevent it from contact with
cavity walls. The second probe was a fixed part of the data
logger and it measured an ambient temperature outside the
cavity. The data logger was housed in a 6x6%6 cm plastic
box and attached to the northern side of the trunk at cavity
height. This location shaded the temperature probe during
the day and controlled for the effect of wind on the probe.
Data loggers took paired temperature readings (inside and
outside the cavity) every 1.5 min during at least 1 day and
night at each cavity. Moreover, we recorded the temperature
during 12 consecutive days (in 5-min intervals) in five
cavities selected to represent the tree health classes (see
below). We blocked the cavity entrance by wire mesh
during temperature recording to prevent possible visits by
animals, which would otherwise increase the cavity
temperature (Kendeigh 1961; Stains 1961; Havera 1979).

We recorded structural characteristics of individual
cavities and supporting trees. The description of cavities
included the two largest perpendicular diameters of cavity
entrance, number of entrances, orientation, height above
ground, and the total vertical and horizontal cavity depths.
In the analyses, we used an entrance area estimated as an
ellipse from the entrance diameters. In the case of more
than one entrance (19 of 70 cavities had from two to seven
entrances), we summed the areas of all entrances and used
the orientation of the largest entrance. If the cavity entrance
faced upward (one case), we set the orientation to 180°. The
description of trees included the diameter of trunk at cavity
height, health status and location of the tree within a forest.
We estimated the tree health in four categories: 1=healthy
(less than 1/3 of the crown dead), 2=intermediate (from 1/3
to 2/3 crown dead), 3=dying (more than 2/3 crown dead)
and 4=completely dead tree. We categorized the trees as
edge/interior according to their proximity to the forest-field
edge. We assumed that trees in the edge line were more
exposed to the weather of open space than trees in the forest
interior.
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Statistical analysis

The dependent variable was the mean nighttime cavity
temperature calculated for the period from sunset to sunrise
the next day. It accounted for different night lengths, which
varied from 13.0 to 15.9 h. The orientations of cavity
entrances were transformed as the deviances in degrees (0—
180) from a northerly direction, regardless of east or west
declination. This transformation made the orientation a
linear rather than a circular variable, which seems to be
valid according to the native north-south gradient of the
solar irradiance (see also Wiebe 2001). The entrance areas
were log-transformed because of their right-skewed distri-
bution, although the analyses of raw data (not shown) led to
qualitatively similar conclusions.

We first regressed the cavity temperature on single cavity
characteristics, each time controlling for the two ambient
temperature covariates, the mean nighttime temperature and
the difference between daytime maximum and subsequent
nighttime minimum temperature, to take into account both
mean and variability of ambient temperature. We expected
that cavity temperature is positively influenced by ambient
temperature and that temperature increment of the cavity is
positively influenced by day-to-night fluctuations in ambi-
ent temperature.

Next, we regressed the cavity temperature on multiple
cavity characteristics considered simultaneously. Because
cavity characteristics were intercorrelated (i.e. partly redun-
dant, Table 1) and because we tried to avoid an excessive
data dredging, we included only three a priori selected
variables (entrance area, orientation, health class) into this
analysis. We excluded height above ground and proximity
to the edge, because these two variables were controlled for
by the paired design of temperature measurements (cavity
vs ambient), which was supported by the simple regression
analyses. We excluded diameter and both cavity depths
because of their correlation with entrance area—the

variable that showed the most marked effect in the simple
regression analyses. As covariates, we again included the
two characteristics of ambient temperature (see above).
Finally, we evaluated a significance of two-way interactions
between the cavity characteristics and the covariates,
entered in the model one at a time.

All the aforementioned analyses are cross-sectional as
they use composite data on 70 different cavities measured
during 1 night (one data point per cavity). To evaluate
whether similar patterns as those found across cavities
would be observed within individual cavities, we conducted
longitudinal analysis by fitting a general linear mixed
model (Proc Mixed; SAS Institute 2005) to repeated
measurements taken on 12 consecutive nights in the subset
of five cavities. We modelled a random intercept for each
cavity (to account for individual properties) by entering
cavity identity as a random effect, assuming the autore-
gressive (lag=1) covariance structure. Given the low
number of cavities (n=5), we included as fixed effect
predictors only those cavity characteristics that showed
significant interaction with the ambient temperature covar-
iates in the cross-sectional analysis (i.e. tree health class).

Results

The mean nighttime cavity temperature measured in 70
cavities during 1 night (cross-sectional data) varied from
-10.8 to 5.5°C (mean=-1.2, SD=3.6, n=70), and the
corresponding mean ambient temperature varied from
—15.1 to 5.1°C (mean=-2.3, SD=4.1). The drop of ambient
temperature from daytime maximum to the nighttime
minimum varied from 1.1 to 18.5°C (mean=7.5, SD=4.2).
Cavities were on average warmer than the ambient environ-
ment as the temperature increment of cavities varied from
—2.4 t0 4.9°C (mean=1.1, SD=1.6).

Table 1 Simple Pearson correlations among structural characteristics of tree cavities (n=70)

Variable Vertical Horizontal Entrance Orientation  Health Proximity to Height above
depth depth area class edge ground
Diameter at cavity 0.01 0.49 0.24 —-0.13 0.11 0.39 -0.20
height
Vertical depth 0.10 0.49 —0.04 0.05 0.07 —-0.11
Horizontal depth 0.29 -0.14 0.07 0.08 —-0.16
Entrance area -0.12 0.22 0.04 -0.27
Orientation® —0.13 0.01 —0.24
Health class® —-0.15 —-0.30
Proximity to edge® -0.15

Significant coefficients (P<0.05) are in bold
?Linearised variable (see “Methods”)

® Categorical variable with four levels (decreasing health status) treated as continuous in this analysis
¢ Categorical variable with two levels (1=interior, 2=edge) treated as continuous in this analysis
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The entrance areas (or sum of areas) varied from 5.0 to
596.6 cm? (mean=78.2, SD=113.1, n=70) and cavity
entrances were almost equally distributed among the
cardinal directions: N=18, E=14, S=20, W=18. Cavities
were situated at a height varying from 0.15 to 5.0 m
(mean=2.0, SD=1.2). The vertical depth varied from 4.3 to
100.0 cm (mean=30.3, SD=19.4), and the horizontal depth
varied from 4.0 to 45.0 cm (mean=13.8, SD=8.1). The
diameter of the trunk at cavity height varied from 9.0 to
150.0 cm (mean=38.1, SD=31.6). Of the cavity trees, 13
were healthy, 21 intermediate, 17 dying and 19 were dead;
31 cavity trees were located at the forest edge and 39 in the
forest interior. Correlations between the cavity structural
characteristics were generally low (all »<0.5), although
significant in some cases (Table 1).

The separate regression analyses controlling for the
ambient temperature covariates (the nighttime mean and
the difference between daytime maximum and subsequent
nighttime minimum; both significant in all cases) showed
that the cavity temperature decreased with the diameter of
the trunk at cavity height, vertical depth of the cavity,
entrance area, and with decreasing health status of the
cavity tree (Table 2). Moreover, the cavity temperature
tended to decrease with a northerly orientation of the
entrance (Table 2).

The multiple regression analysis supported the negative
effects of entrance area and decreasing tree health status on
the cavity temperature. Furthermore, a significant interac-
tion between the effects of tree health status and the
ambient temperature showed that the temperature increment
of the cavity decreased with higher ambient temperature

Table 2 Results of separate linear regressions of the mean nighttime
cavity temperature on the single cavity characteristics

Effect Estimate SE P

Diameter at cavity height -0.012 0.004 0.008
Vertical depth —-0.020 0.007 0.009
Horizontal depth —0.025 0.018 0.172
Log (entrance area) —1.303 0.281 <0.001
Orientation® 0.005 0.003 0.052
Height above ground <0.001 0.001 0.885
Proximity to edge (interior)® —0.064 0.148 0.667
Health (healthy)® 0.948 0.253 <0.001
Health (intermediate)® 0.046 0.219 0.836
Health (dying)® —0.257 0.233 0.273

?Linearised variable (see “Methods™)

® Categorical variable, reference category=edge

¢ Categorical variable, reference category=dead, overall effect
P<0.001

The mean nighttime ambient temperature and the difference between
daytime maximum and subsequent nighttime minimum were entered
as covariates (both positive effects, P<0.001 in all cases). The
analysis is based on cross-sectional data from 70 cavities, each
measured for 1 day. P values <0.05 in bold
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relatively more in healthy trees than in dead ones (Table 3,
Fig. 1) and became negative on warm nights (>0°C; Fig. 1).
The temperature increment increased with larger day-to-
night fluctuations in the ambient temperature (Table 3).

The longitudinal analysis of repeated measurements of
temperature in five cavities revealed the same pattern as the
cross-sectional analysis, namely the interaction between the
effects of tree health status and the ambient temperature, as
well as the effects of two ambient temperature covariates
(Table 4, Fig. 1).

Discussion
Cavity microclimate

This study shows that the nighttime temperature increment
of tree cavities depends on the ambient temperature as well
as on the cavity structural characteristics. The temperature
increment of the cavity increased with higher day-to-night
fluctuations in the ambient temperature, smaller cavity
entrance and better health status of the cavity tree. The
effect of tree health status interacted with the effect of mean
ambient temperature as the temperature increment of the
cavity decreased with higher ambient temperature relatively
more in healthy trees than in dead ones.

We suggest that day-to-night fluctuations in ambient
temperature were more important for cavity temperature

Table 3 Multiple linear regression of the mean nighttime cavity
temperature on the cavity characteristics (entrance area, orientation
and tree health)

Effect Estimate SE P

Intercept 1.109 0.560 0.052
Tmean 0.847 0.037 <0.001
Tdiff 0.149 0.034 <0.001
Log (entrance area) —1.020 0.266 <0.001
Orientation® 0.002 0.002 0.377
Health (healthy)® 0.341 0.268 0.208
Health (intermediate)” 0.067 0.211 0.752
Health (dying)” —0.141 0.234 0.550
Tmean x health (healthy)® —0.166 0.070 0.022
Tmean x health (intermediate)® —0.041 0.046 0.377
Tmean x health (dying)® 0.110 0.066 0.103

? Linearised variable (see “Methods™)

® Categorical variable, reference category=dead, overall effect
P=0.469

¢ Overall effect of the interaction: P=0.021

The mean nighttime ambient temperature (7mean), and the difference
between daytime maximum and subsequent nighttime minimum
(Tdiff), were entered as covariates. All two-way interactions between
cavity characteristics and covariates were examined, but only the
significant interaction was retained in the model. Analysis is based
on cross-sectional data from 70 cavities measured for 1 day. P values
<0.05 in bold
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Fig. 1 Regressions of the mean nighttime cavity temperature on the
mean nighttime ambient temperature for different tree health classes
and different types of data. Reference 1:1 lines (solid) and estimated
regression lines (dashed) are given. Left: cross-sectional data (one
measurement per cavity, 70 cavities); a healthy trees (n=13), b trees
of intermediate health (n=21), ¢ dying trees (n=17), d dead trees (n=
19). Right: longitudinal data (repeated measurements from 12
consecutive nights, 5 cavities); e two cavities in healthy trees, f one
cavity in the tree of intermediate health, g one cavity in dying tree,
h one cavity in dead tree

than nighttime means. Because such fluctuations in ambient
temperature are often present, this may explain why cavities
are generally warmer than ambient environment during the
night (McComb and Nobble 1981; Du Plessis and Williams
1994; Du Plessis et al. 1994; Sedgeley 2001; Wiebe 2001).
Fluctuations in ambient temperature together with a delayed
response of cavity temperature (Stains 1961; Havera 1979;
McComb and Nobble 1981; Sedgeley 2001; Wiebe 2001)
may explain why cavities were warmer than ambient
environment also in warm climates (Du Plessis and

Williams 1994) and even on summer nights (Sedgeley
2001; Wiebe 2001). In contrast, at stable ambient temper-
atures the cavity temperature would ultimately become the
same. Hence, the reported effects of mean ambient
temperature (Du Plessis and Williams 1994; Du Plessis et
al. 1994) may partly be a statistical artefact resulting from
its correlation with ambient temperature fluctuations (this
study: r=—0.53, P<0.001). Surprisingly, the effect of day-
to-night fluctuations in the ambient temperature on the
temperature increment of the cavity had not been quantified
before, although it could be inferred from the papers that
figure the pattern of daily fluctuations in cavity versus
ambient temperature (McComb and Nobble 1981; Sedgeley
2001; Wiebe 2001).

The effect of cavity structural characteristics on the
cavity microclimate has been rarely quantified (Wiebe
2001). The effects of entrance area and tree health were
the most important in this study. Our finding that smaller
entrances reduce heat loss agrees with the conclusion of
Sedgeley (2001), who reported the trunk hollows of large
entrances to be cooler at night than smaller knotholes with
narrow entrances. Nevertheless, the intensity of heat
exchange through an entrance may depend also on the
cavity volume, expecting the deeper cavities to be warmer
(see Wiebe 2001). In our study, the cavity temperature
decreased with vertical depth (i.e. a characteristic of cavity
volume). Such an inverse effect probably resulted from the
correlation of vertical depth with entrance area.

Cavities in healthy trees were, on average, warmer than
those in dead trees, but this difference disappeared with
rising ambient temperature (Fig. 1). Already Wiebe (2001)
and Hooge et al. (1999) found the effect of tree health, but

Table 4 Mixed model analysis of the nighttime temperature within
individual cavities, based on repeated measurements taken during 12
consecutive nights in five cavities (longitudinal data)

Fixed effect Estimate SE P

Intercept —-0.303 1.024 0.792
Tmean 0.958 0.067 <0.001
Tdiff 0.137 0.043 0.002
Health (healthy)® —0.495 1.240 0.725
Health (intermediate)® 0.237 1.436 0.882
Health (dying)* —0.186 1.497 0.910
Tmean x health (healthy)® —0.485 0.079 <0.001
Tmean x health (intermediate)® —0.030 0.165 0.857
Tmean x health (dying)® -0.075 0.123 0.547

 Categorical variable, reference category=dead, overall effect
P=0.937

® Overall effect of the interaction: P<0.001

The mean nighttime ambient temperature (7mean), and the difference
between daytime maximum and subsequent nighttime minimum
(Tdiff), were entered as covariates. Cavity identity was entered as a
random effect, assuming autoregressive (lag=1) covariance structure
(estimate=0.84, SE=0.10). P values<0.05 in bold
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neither recognized its interaction with the effect of ambient
temperature. Mechanisms through which the tree health
influences cavity temperature are poorly understood.
Presumably, the stage of decay correlates with traits such
as wood structure, saturation with water or presence of
bark, which in turn may influence the thermal properties of
wood. For example, water content in cavity walls may
affect the cavity temperature due to latent heat (McComb
and Nobble 1981) and the thermal properties of tree bark
may be important as well (Nicolai 1986), given that dying
or dead trees are often barkless.

Contrary to the previous studies (Sedgeley 2001; Wiebe
2001), we found the cavity temperature to decrease (not
increase) with trunk diameter, which is likely a result of the
correlation between trunk diameter and entrance area.
Nevertheless, the trunk diameter itself may also be
important because of the daily fluctuation in deep wood
temperature—the interior of the trunk becomes consider-
ably warmer than its surface during the night (Derby and
Gates 1966). The cavity temperature tended to decrease
with northerly orientation of the cavity entrance. However,
the orientation was previously shown to be important for
daytime rather than for the nighttime temperatures (Wiebe
2001; Hooge et al. 1999).

Implications for roosting birds

Temperature is an important feature of the roosting
environment, because it directly determines how much
energy a bird expends during the night (Mayer et al. 1982;
Du Plessis and Williams 1994). Our results suggest that the
advantage of cavity roosting (Kendeigh 1961; Mayer et al.
1982; Cooper 1999) diminishes with smaller fluctuations in
the ambient temperature and (in dead trees) with increasing
nighttime ambient temperature. Hence, roosting at open
sites may be a superior strategy to the cavity roosting
during periods of such weather, as indicated by fewer birds
spending nights in nest boxes when winter temperatures
increased (Busse and Olech 1968). The advantage of cavity
roosting may be prolonged, because the presence of an
endothermic animal may elevate the cavity temperature
above the ambient one. Nevertheless, the temperature
increment of occupied cavities similarly to empty ones still
decreases with rising ambient temperature (Kendeigh 1961;
Havera 1979; Du Plessis and Williams 1994).

The variability among cavities in their thermal properties
makes the selection of warmer sites for wintertime roosting
possible and structural characteristics provide indirect cues
available to prospecting birds. Based on our conclusions,
cavity roosting birds should select cavities with smaller
entrances and located in healthy trees to save their energy.
For example, most of the woodpecker roost cavities in Poland
were situated in living trees (Mazgajski 2002), but this might

@ Springer

be a result of low availability of dead trees on the study plot
(Mazgajski 1998). Clear evidence for temperature-based
roost cavity selection in birds is missing. Some evidence
exists for non-cavity roosting species, which select mainly
wind-protected roost sites within vegetation cover (Buttemer
1985; Walsberg 1986; Webb and Rogers 1988). Of the other
vertebrates, bats select warmer cavities for summer roosting,
which is especially important for juveniles that may suffer
from nighttime cold (Sedgeley 2001).

Implications of cavity temperature for roosting birds
remain unclear, because we do not know how large
differences in temperature are important for and/or recog-
nizable by birds when deciding where to roost. Moreover,
other factors may influence the selection of a roost site,
namely the presence of ectoparasites (Christe et al. 1994),
predation risk (Ligon et al. 1988) or competition for
cavities (Kempenaers and Dhondt 1991). Hence, future
studies should focus on the adaptive significance and
principal factors of cavity roost site selection in birds
spending winter in the temperate and boreal regions.
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