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Podékovani

Na tomto misté bych chtél podékovat zejména vSem koleglim, spoluautoriim a studentiim,
bez jejichz spoluprace by jednotlivé projekty nemohly byt tispésné realizovany. Na vyzkumu
postolky obecné, kalouse usatého a pustika obecného se v ramci svych studentskych praci
na PiF JU podileli pfedev§im Ale§ Dufek, Drahomira Fainova, Vaclav Mikes, Mat¢j Lovy
a Vaclav Luka. Rad bych zde ocenil jejich pracovni nasazeni v terénu i béhem sepisovani
naslednych vystuptl, jejichZ pocet neni zdaleka vyc€erpan. Zvlastni pod€kovani patii Markété
Zarybnické (CZU) a jejim kolegiim za sdileni dat na paralelnim projektu o syci rousném.
Diky spoleénym z4jmim vznikla plodnd spoluprace, ktera v soucasné dobé vyrazné
pfesahuje ramec této studie. Markéte¢ dékuji pfedevSim za vynikajici spolupraci béhem
sepisovani manuskriptl a jejich revizi. Dékuji také grantovym agenturam za finan¢ni podporu
jednotlivych projektii. V neposledni fad€ bych rad podékoval své partnerce a ostatnim clentiim
rodiny za skvélé zdzemi a pochopeni zejména béhem sepisovani této prace i pobytu v terénu.
Zvlastni dik patfi nejmensim ¢leniim mé rodiny. Mij dik patii také samotnym studovanym
druhlim, které mne nepiestavaji fascinovat svym chovanim a variabilitou Zivotnich strategii.
Nepochybuji, ze fada dalSich piekvapivych zjisténi mne ¢eka i v budoucnu.
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1. Uvod

Vztah predator kofist pfitahuje odeddvna pozornost nejen odborné vefejnosti. ZvySena
pozornost byla vénovéana napiiklad vlivu ptacich predatori na vyvoj populaci drobnych
savcel (Korpiméki & Norrdahl 1991, Ylonen et al. 1991, Norrdahl & Korpiméki 1995).
Jednotlivé druhy ptacich predatord jsou v rizné mife adaptované k lovu riznych typi
kotisti (kap. 1.1.), coz vede k vyraznym mezidruhovym rozdiliim v loveckym strategiich.
V obecné rovin¢ vSak lze nalézt nckteré spolené rysy. Teoreticky zédklad predstavuji
pfedev§im modely a hypotézy, které se tykaji optimalizace pfijmu potravy (Optimal diet
theory; Schoener 1971, Pulliam 1974). Predéator nutné ¢eli rozhodnuti (1) v jakém potravnim
ostrivku bude lovit, (2) jak dlouho zistane v potravnim ostravku, (3) jaky typ kofisti bude
lovit a (4) v jakém biotopu (Pyke et al. 1977). Pro jednotliva rozhodnuti predatora byla
dale vytvorena celd fada detailnich modeld, které predikuji jeho chovani (napf. Pyke et al.
1977). Nekteré predpoklady byly u ptacich predatort experimentdlné ovéfeny, predev§im
vztah mezi nabidkou hlavni kofisti v daném biotopu, pocetnosti predatorii (Galushin 1972,
Millon & Bretagnolle 2008) a vyuzitim potravni nabidky (Korpiméki 1986, Steenhof &
Kochert 1988). Variabilita loveckych strategii je vSak u ptacich predatori mnohem vétsi a
miZze byt na individualni Grovni ovlivnéna 1 fadou dalSich faktorii, které zahrnuji pfedevsim
zmény vnéjSich podminek, kompetici nebo kvalitu jedince (Quinn & Cresswell 2004, Rutz
& Bijlsma 2006). Diisledkem toho miize byt zna¢na individualni variabilita v efektivité lovu
1 sloZeni potravy za rliznych podminek (Navarro-Lopez & Fargallo 2015). Vybér kofisti,
zpusob jejiho ziskdni a naslednd lovecka efektivita dale zdsadnim zplisobem ovliviiuje také
fitness jedince (Redpath 1995, Sergio et al. 2003, Lourengo et al. 2015).

Hlavnim cilem této prace je rozSifeni znalosti o potravnich a reprodukénich
strategiich vybranych druhii ptacich predatort. Diraz je kladen pfedev§im na porovnani

strategii jednotlivych druhii v rdmci arealu vyskytu a v rtiznych biotopech.

1.1. Morfologické adaptace ptacich predatori

Mezi ptacimi predatory, dravei (Accipitriformes a Falconiformes) a sovy (Strigiformes) patii
mezi nejlépe adaptované formy k lovu Zivé kofisti. Pro vétSinu z nich je charakteristické, ze
maji vyborny zrak a/nebo sluch, ostré drapy, zahnuty zobak s ostrymi hranami ramfotéky a
produkuji vyvrzky.

Zrak je hlavnim smyslem, ktery denni dravci vyuZzivaji k lovu kofisti. O¢i dennich
dravctl jsou umistény po strandch hlavy, coz umoziuje v ptedni ¢asti zorného pole (278-300°)
binokularni vidéni (33-36°) a ve zbytku zorného pole vidéni monokularni (122-130°). Slepy
uhel za hlavou ptedstavuje 60-82° (O’Rourke et al. 2010a; porovnani tfi druhil dravei: kané
rudoocasd Buteo jamaicensis, jesttab Coopertv Accipiter cooperii, poStolka pestra Falco
sparverius). Pomoci rotace o¢ni bulvy mohou tito dravci navic zuzit nebo rozsifit zorné pole
(O’Rourke et al. 2010a). Velikost zorného pole u jednotlivych druhti odpovida biotopu, ktery
dany druh obyva nebo vyuziva k lovu. Druhy, které lovi v otevienych biotopech, maji maly
uhel binokularniho vidéni, velky slepy tihel, sttedni pohyblivost o¢ni bulvy a pomalé pohyby
hlavy, zatimco druhy lovici v uzavienych biotopech maji Siroky thel binokularniho vidéni,
maly slepy thel, vysokou pohyblivost o¢ni bulvy a rychlé pohyby hlavy (O’Rourke et al.

2010a, b).



Na rozdil od dennich dravci maji sovy diky specidlnimu umisténi o¢i (v jedné
roving¢) zuzené zorné pole, ale velky uhel binokuldrniho vidéni (napt. pustik obecny Strix
aluco, binokularni vidéni 48°, zorné pole celkem 124°; Martin 1984) a znac¢nou rotaci hlavy
(az 270°; Walls 1942). Béhem rotace hlavy se kréni obratle sov otaceji nejen kolem svislé,
ale Castecné také okolo horizontalni osy. Tim je zajisténo, ze nedochazi ke kolizi vybézki
obratlti béhem rotace (sova palena Tyto alba; Krings et al. 2017). Pohyblivost ocni bulvy je u
sov minimalni a je kompenzovana znacnou pohyblivosti hlavy.

Oko dravcu je kulovité, u sov je oko tubularni, opatiené sklerotikdlnim prstencem
(Jones et al. 2007). U dennich dravci se vyvinul vybézek kosti os praefrontalia, ktery
funguje jako ochrana oc¢i pred oslnénim. U nékterych specialisti miize byt tento vybézek
redukovan (napt. v€elojed lesni Pernis apivorus - lov blanokiidlych, pifevazné vos; orlovec
ticni Pandion haliaetus — lov ryb, jeho funkci piebird opefeni v okoli oka). Podobnou
funkci pravdépodobné plni tmavy ,,vous* po stranach hlavy u nékterych dravci (napi. sokol
st¢thovavy Falco peregrinus nebo raroh prériovy Falco mexicanus), ktery absorbuje slune¢ni
zéieni (Jones et al. 2007).

RozliSovaci schopnosti oka (~ ostrost vidéni) u dennich dravct patii k nejlepSim
v ramci ptaci fise. Ostrost vidéni se obvykle udava v poctech bilo-cernych standardizovanych
pruhti, které jedinec dokaze rozeznat v ramci jednoho thlového stupné. Nejvyssi ostrost
vidéni byla zaznamenana u postolky pestré (160 cykla na jeden stupeii) a orla klinoocasého
Aquila audax (132-142 cykll na jeden stupenl; shrnuto v Potier et al. 2016). Opakované
méfeni u postolky pestré vSak ukazalo, ze primérna ostrost vidéni je podstatné nizsi (39,7-
71,4 cykli na stupeii; Gaffney & Hodos 2003). Pro porovnani, ostrost vidéni u riznych druhii
pevcl se pohybuje mezi 28 a 46 cykly na jeden stupeii (Donner 1951). ZvySena ostrost vidéni
je u dravct dana pritomnosti dvou zlutych skvrn s nejvyssi koncentraci svétlo¢ivnych bungk,
hluboké centralni pro vnimani lateralniho zorného pole a mélké temporalni pro vnimani
frontalniho zorného pole (Oehme 1964, Tucker 2000). V sitnici oka se vyskytuje celkem
6 typu svétloCivnych bunék - tyCinky pro vnimani svétla a tmy, zdvojené Cipky, 4 druhy
¢ipkt pro vnimani riznych vlnovych délek. Funkce zdvojenych Cipkil je dosud nejasna,
pravdépodobné slouzi k vnimani polarizace a svitivosti nebo pohybu. Detailni analyza sitnice
oka Ctyf vybranych druhti dravci (kén€ lesni Buteo buteo, véelojed lesni Pernis apivorus,
krahujec obecny Accipiter nisus a sokol st¢thovavy Falco peregrinus) ukéazala, ze zdvojené
¢ipky se ve zlutych skvrnach u vétsiny druhi nevyskytuji (s vyjimkou krahujce obecného) a
ostrost vidéni je tedy dana piedevsim vysokou hustotou ¢ipkl pro vnimani riznych vinovych
délek (Mitkus et al. 2017).

Diky ptitomnosti Cipkli pro vnimani kratkych vinovych délek (320-400 nm) mohou
prinejmensim nékteré druhy dravct vnimat optické signaly v ultrafialovém spektru. U postolky
obecné (Falco tinnunculus) a kan¢ rousné (Buteo lagopus) bylo experimentalné zjisténo, ze
dokazi detekovat stopy moci a trusu drobnych savci, které jsou viditelné v ultrafialovém
spektru (Viitala et al. 1995, Koivula & Viitala 1999). Dravci diky vnimani téchto pobytovych
stop mohou v rdmci vEtsi oblasti snadno vybrat lovisté s vysokou denzitou drobnych savci
(Honkavaara et al. 2002). U sov nebyla schopnost vnimani kratkych vin v UV spektru
zaznamenana (syc rousny Aegolius funereus, Koivula et al. 1997) pravdépodobné diky absenci
specifickych Cipkll pro vnimani kratkych vin v ultrafialovém spektru (Bowmaker & Martin
1978). Zrak sov je ptizpusoben pro scototopické podminky. Sovy postradaji zlutou skvrnu,
v sitnici pievazuji tyCinky pro vnimani svétla a tmy a nejvyssi ostrosti vinimani dosahuji za Sera
(napf. sova palend, Orlowski et al. 2012). Nicméné¢, zrak sov neni monochromaticky a mize
hrat vyznamnou roli i béhem dne. U sycka obecného (Athene noctua) bylo experimentalné
zjisténo, ze sytost zlutého zbarveni zobaku mlad’at mize rodicim slouzit jako métitko kvality
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mléadéte. U velkych sntsek rodi¢e béhem krmeni preferovali mlédd’ata s vice zlutym zobakem
(Avilés & Parejo 2013).

Hlavnim smyslem, ktery sovy vyuzivaji béhem lovu je sluch. Vyvody zvukovodi jsou
umistény na okraji facidlniho disku, ktery funguje podobné¢ jako parabola (Konig & Weick
2008). Samotny vyvod je opatfen zaklopkou. Vyvody zvukovodi jsou vétSinou umistény
asymetricky, coz vyrazn¢ zvySuje schopnost piesné lokalizace zvuku, zejména pro zvuky nad
5 kHz (Coles & Guppy 1988). Asymetrie vyvodii zvukovodii umoziuje sovam, diky ¢asovému
posunu dolehnuti zvuku k obéma vyvodim, pomérné piesné lokalizovat zvuk v horizontalni
rovin¢ (azimut). Rozdil mezi akustickym tlakem v obou zvukovodech slouzi k upfesnéni
pozice na vertikalni ose (elevace; Keller et al. 1998). Obecné plati, Ze u druhti se striktni no¢ni
aktivitou jsou vyvody zvukovodl umistény vice asymetricky (napi. sova palena, syc rousny).
Velikost, tvar a opefeni facidlniho disku se také mezidruhové vyrazné 1isi (Konig & Weick
2008). Adaptivni vyznam facidlniho disku byl experimentalné ovéren u sovy palené. Pokud
byla pera facidlniho disku odstranéna, doslo ke snizené schopnosti lokalizovat zvuk (Hausmann
et al. 2009). Diky dobfe vyvinutému sluchu mohou sovy v mozku vytvaret tzv. sluchové mapy
(Takahashi et al. 2003), které mohou byt kombinovany s vizualni mapou (Maczko et al. 2006).
Sovy dokazi reagovat na sluchové vjemy velmi rychle, béhem experimentu byla sova palena
schopna ménit smér utoku s maximalnim zpozdénim 200 ms (Hausmann et al. 2008). Sovy
palené jsou schopné vnimat jiz zvuky o hlasitosti -12,6 dB o frekvenci 8 kHz a béhem zivota
se jejich sluchové schopnosti piili§ nezhorSuji (Krumm et al. 2017). Naopak, starSi sovy
palené posunuji hranici vnimani i do vyssich frekvenci, zatimco mlad’ata vnimaji pouze nizké
frekvence (1-4 kHz, Kraemer et al. 2017). Ke zhorSeni sluchu u mlad’at sovy palené doslo,
pokud byla experimentaln¢ vychovéana v hlu¢ném prostiedi (Efrati & Gutfreund 2011).

Také struktura opefeni sov je vysledkem adaptace na no¢ni lov. Na neslySném letu
se podili absence hacki (hamuli) na konci vnéjSiho praporu, hiebinek na vnéj$im praporu
a jemné volné struktury v poli praport zajist'ujici jejich hebky povrch (Wagner et al. 2017).
Experimentalné€ bylo ovéfeno, Ze hiebinek vnéjsiho praporu optimalizuje laminarizaci proudéni
pies plochu kiidla (Rao et al. 2017). Hiebinek vykazuje téz variabilitu v ramci jednotlivych
druhii sov, u druhti které maji obligatné noc¢ni aktivitu je hiebinek vyraznéjsi (Weger & Wagner
2016).

U krahujcovitych dravet (Accipitridae) se Casto vyskytuje znacny polymorfismus
ve zbarveni v rdmci druhu. Roulin & Wink (2004) porovnali slozeni potravy polymorfnich
a monomorfnich druhii rodii krahujec (Accipiter) a kané (Buteo). U krahujcti nebyl rozdil
v potravé zjistén, ale polymorfni druhy kanat mély v potravé vyssi zastoupeni savcl nez
monomorfni druhy. Autofi se domnivaji, ze zvySeny polymorfismus mize komplikovat uceni
predatora kofisti. U polymorfniho druhu jestiaba ¢ernohibetého (Accipiter melanoleucus) bylo
zjisténo, ze u tmavé formy existuje negativni korelace mezi loveckou aktivitou a intenzitou
svétla. Tmavé formy navic vyhledavaly k lovu vice uzaviené biotopy nez svétle vybarveni
jedinci (Tate & Amar 2017). K podobnym vysledkiim prekvapiveé dospél také Roulin (2004)
sp.) a tmavé formy lovily Castéji hraboSe polniho (Microtus arvalis). Autor nepredklada
detailni vysvétleni tohoto jevu, pouze uvazuje o moznych rozdilech mezi hrabosem a mysici
v utékovém chovani za riznych svételnych podminek.

Zpusob, jakym se ptaci predatofi zmocni kofisti, se miize vyrazné liSit mezi jednotlivymi
druhy. Porovnani ¢tyt druhii sov pfi lovu laboratornich mysi ukazalo, Ze sova palena preferuje
uchopeni kofisti za hlavu, sy¢ek obecny uchopuje kofist za télo a zadna preference nebyla
zjisténa u pustika obecného ani kalouse usatého (Csemerly et al. 2002). Také zptisob usmrceni
koftisti se mezidruhové liSil. Pustik obecny a kalous uSaty (4sio otus) po uchopeni kofisti
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smefovali utoky zobakem na hlavu, za ucelem ochrnuti nervové soustavy a znemoznéni utéku
kofisti. Sova palena uchopi kofist za krk a tfesenim ze strany na stranu docili dislokace obratlt.
Sycek obecny svou kofist viceméné ubije zobdkem. Tyto rozdily pravdépodobné souvisi s
mirou specializace k lovu drobnych savcti, piicemz sycek je spise ptizptisoben k lovu hmyzu.
Vsechny druhy sov pevné sviraly svou koftist, ¢imz u nékterych mysi zptisobily smrt zaduSenim
(Csemerly et al. 2002, 2009). K podobnym vysledkiim autofi dospéli také u postolky obecné.
Podobné jako sovy, postolky obvykle drzi po néjakou dobu kofist v paratu za ucelem jejiho
zaduseni. Zobak je vyuzivan k dobiti kofisti udery do hlavy (Csemerly et al. 1998).

Sila stisku prstit nohy podléha znac¢né variabilité, ktera mize byt z velké ¢asti vysvétlena
pozitivni korelaci s té€lesnou hmotnosti (Sustaita & Hertel 2010). U sokolovitych dravct je
sila stisku mensi nez u krahujcovitych, proto sokoloviti dravci drzi kofist v patratech déle nez
krahujcoviti dravci (Csemerly & Gaibani 1998). Opacné je tomu u sily stisku zobaku, kdy
byly u sokolovitych dravci naméieny vyssi hodnoty (Sustaita & Hertel 2010). U sokolovitych
dravcti je navic pritomen zejk, ktery spolecné s fadou uprav muskulatury zobdku vyrazné
napomaha pfi zabijeni a porcovani koftisti (Sustaita 2008).

Podrobna analyza morfologie prsti a drapi dravct a sov v porovnani s ostatnimi
ptaky ukazala, ze zaktiveni drapt, jejich délka v poméru k délce prstu a tvar zadniho prstu
zietelné oddé¢lili dravee od sov. U sov je zakiiveni drapli zejména na prvnim prstu méné
vyrazné, coz souvisi se schopnosti sov vice ohnout posledni ¢lanek prstu. Drap na tfetim prstu
je u sov v pomeéru k délce prstu delsi nez u dravcl a ostatnich ptaki, nebot’ slouzi k ovinuti
kofisti a je umistén naproti prvnimu prstu (tzv. zygodaktylni noha). Méfené charakteristiky
se castecn¢ prekryvaly u dravci a ostatnich druht ptak (Csemerly & Rossi 2006). Dalsi
analyzy morfologie prstl a drapti naznacuji, ze z dravct se obzvlasté sokoloviti pfilis nelisi od
ostatnich ptakt (Csemerly et al. 2012), coz je v souladu s modernim pohledem na fylogenezi
ptaka. Sokoloviti dravci predstavuji v souCasné dobé samostatnou linii blizce piibuznou
pevcim Passeriformes (napt. Prum et al. 2015).

Travici trakt ptaCich predatort se v mnoha ohledech lisi od traviciho traktu
ostatnich ptaki. Vole je u dravct vyvinuto, ale v porovnani s ostatnimi skupinami (napf.
hrabavi Galliformes) je pomérn¢ malé. U sov vole zcela chybi a jeho funkci pfejimé
zvétseny oesophagus (Houston & Duke 2007). Vole je vyrazné vyvinuté jen u nékterych
mrchozravych forem dravci, napi. u kondori (Cathartidae). VétSinu traveni u dravcl
zajistuji enzymatické procesy, svalovina zaludku je tedy podstatné méné vyvinuta napiiklad
v porovnani se zrnozravymi ptaky (Houston & Duke 2007). Délka tenkého stfeva se vyrazné
1181 mezi jednotlivymi skupinami ptacich predatori s riznou strategii lovu. Druhy dravci,
které lovi aktivnim zptisobem (napi. rod Falco, Accipiter) a sovy maji (po korekci s té€lesnou
hmotnosti) tenké stfevo vyrazné zkracené oproti druhtim, které lovi vyhledavanim (napf. rod
Buteo, Milvus; Barton & Houston 1994).

V porovnani s ostatnimi ptaky jsou zaludecni $tavy predatorti vyrazné kyselejsi.
Sovy maji oproti dennim dravciim vice zéasadit¢ pH v zaludku (2,4 vs. 1,7) a proto travi
orlosupa bradaté¢ho (Gypaetus barbatus), specialisty na traveni kosti (Houston & Copsey
1994). Dravci i1 sovy, podobné jako celd fada dalSich ptacich taxont, pravidelné vyvrhuji
nestravenou potravu v podob¢ vyvrzka. Vyvrzky se formuji v zaludku ze zbytkl kosti,
chlupti a opeteni kofisti (Rhoades & Duke 1977). Zbytky potravy se v zaludku hromadi
diky velmi malému otvoru mezi zaludkem a sttevem (pyloris). Naptiklad u vyra virginského
(Bubo virginianus) ma pyloricky otvor v priméru 1,5 mm (Grimm & Whitehouse 1963).
Vyvrzky jsou vyvrhovany 9 az 15 hodin po pozieni kofisti, v zavislosti na jeji hmotnosti
(shrnuto v Houston & Duke 2007).



1.2. Studované druhy

Do této prace byly zahrnuty Ctyfi druhy ptacich predatort specializovanych zejména k lovu
drobnych savci, z nichz tfi druhy maji nocni aktivitu a jeden druh je dennim predatorem.
U vSech druhti existuje v rizné mitfe obraceny dimorfismus ve velikosti, samice jsou veétsi
a t&z8 nez samci (napf. Hudec & Stastny 2005, Hudec & Stastny 2005a). Prevazujicim
reproduk¢nim svazkem je socialni monogamie s biparentalni péci o mlad’ata. Vyjimky jsou
pomérne vzacné. Napiiklad syci rousni mohou vyuzivat sekven¢ni polyandrii (Korpimaki
et al. 2011), zejména v troficky nepfiznivych letech (Sindelaf et al. 2015). Zadny ze
studovanych druht nestavi vlastni hnizdo a vSechny druhy vyuzivaji bud’ hnizda jinych
ptakl, nebo hnizdni dutiny. Sovy typicky obhajuji své teritorium houkénim, denni dravci
vyuzivaji fyzickou obranu hnizda. VéEtsinu potravy pro mladata zajistuje samec, zejména
v &asné fazi vyvoje mladat (Hudec & Stastny 2005, Hudec & Stastny 2005a, Konig &
Weick 2008). Jednotlivé druhy se 1isi hnizdnim biotopem, strategii lovu i detailnim sloZzenim
potravniho spektra.

1.2.1. Postolka obecna (Falco tinnunculus)

Rozsiteni postolky obecné zahrnuje celou palearktidu a Afriku, kde se vyskytuje
také v subsaharskych oblastech (Village 1990). Jedna se o bézného sokolovitého dravce
oteviené krajiny i urbanniho prostiedi (Stastny et al. 2006). Podobné jako vétSina
ostatnich sokolovitych dravct postolka nestavi vlastni hnizdo a k hnizdéni vyuziva bud’
hnizda jinych ptakt, zejména krkavcovitych (Corvidae), hnizdni budky nebo dutiny ve
skalach a v budovach (Hudec & Stastny 2005). Hnizdni denzita v urbannim prostiedi je
mnohem vyssi nez v oteviené krajiné, pravdépodobné diky dostate¢né nabidce kvalitnich
hnizdnich pftilezitosti (shrnuto v Riegert 2005). V severnich oblastech je denzita hnizdicich
pari pozitivné korelovana s abundanci drobnych savct (numericka odpovéd’), zejména
z podceledi Microtinae (Korpimidki 1984, 1994). V oteviené krajin¢ stiedni a zapadni
Evropy dochazi také ke kolisani hnizdni denzity, ale hnizdni abundance je spiSe ovlivnéna
klimatickymi podminkami, zejména teplotou v piedchozim zimnim obdobi (Village 1990,
Kostrzewa & Kostrzewa 1991). U méstskych populaci byly zjistény malé mezirocni vykyvy
v hnizdni denzité, které jsou zptsobeny bud’ dostatkem kvalitnich hnizdnich ptilezitosti nebo
obecné mensi potravni zavislosti na drobnych savcich (Plesnik 1992, Riegert et al. 2007 -
priloha I).

Vzhledem k tomu, ze urbanni a mimoméstské populace vykazuji fadu ekologickych
rozdilt (napt. Plesnik 1992), 1ze ocekavat i rozdily v genetické struktuie populaci (Gehlbach
1996). Mezi sousedicimi populacemi v mestském a mimoméstském prostiedi v Polsku nebyla
zjiSténa vyrazna mira diferenciace (nizké Fst hodnoty), nicméné rozdily byly signifikantni.
Nejvétsi rozdily byly nalezeny mezi dvéma urbannimi populacemi ve méstech Lodz a
Warsava (Rutkowski et al. 2010). U postolek v Ceské republice také nebyl zjistén vyrazny
rozdil mezi urbanni a sousedici mimomeéstskou populaci (Riegert et al. 2010 - priloha II).
Zaroven byla na studované lokalit¢ zjiSténa vyS$si mira genetické piibuznosti mezi jedinci
v centru mésta v porovnani s periferii, kterd mize byt ddna zna¢nou vérnosti hnizdisti (napf-.
Salvati et al. 1999, Kiibler et al. 2005). Samci méstskych postolek navic Casto vyuzivaji
stejna nocovisté v priabéhu celého roku (Riegert & Fuchs 2011 - priloha III). V ramci celé
populace v Ceské republice byla také zjisténa pomérné vysoka navratnost jedincil, celkem
44% zpétnych hlaseni pochazelo ze vzdalenosti 10 km od mista krouzkovani (Cepék et al.
2008).



1.2.2. Kalous usaty (4sio otus)

Kalous usaty ma holarktické rozsiteni, v Ceské republice patii mezi nejhojngjsi druhy sov
(Stastny et al. 2006). Obyva lesy viech typd a v poslednich desetiletich se stale ¢astéji
vyskytuje 1 ve méstech (Riegert et al. 2009 - priloha IV). K hnizdéni vyuziva hnizda jinych
ptaki, zejména z Eeledi krkavcovitych (Hudec & Stastny 2005a). Také u kalouse uatého byl
v severnich oblastech zjistén pozitivni korela¢ni vztah mezi hnizdni denzitou a abundanci
drobnych savci z nadceledi Microtinae (Korpimédki & Norrdahl 1991a). U skotskych
kaloust byla vzdalenost mezi jednotlivymi hnizdy negativné ovlivnéna nabidkou hrabose
moktadniho Microtus agrestis. Zaroven byl zjistén pozitivni vztah mezi podilem part, které
zahnizdili a abundanci hrabose (Village 1981). V Ceské republice nebyla hnizdni denzita
kalouse nabidkou hraboSe ovlivnéna, pravdépodobné diky menSim vykyvim v kolisani
pocetnosti hraboSe v porovnani se severnimi populacemi a vétsi nabidkou alternativnich
koftisti (L&vy 2007).

Kalous usaty je ve vétSin€ arealu stalym druhem (Cepak et al. 2008), u severnich
populaci mtze byt nomadickym druhem v zavislosti na nabidce drobnych savcii (Korpimaki
& Norrdahl 1991a). Data z Ceské republiky poukazuji na vysokou navratnost, 73% zpétnych
hlaseni bylo zjisténo do 10 km od mista krouzkovani (Cepak et al. 2008). V prub¢hu zimniho
obdobi se kalousi Casto shlukuji na hromadnych stavanistich, ktera mou byt vyuzivana po
fadu let. Pocetnost kalousti na stavaniStich v Moskvé byla ovlivnéna abundanci drobnych
savcl a vyskou snéhové pokryvky (Sharikov et al. 2014).

1.2.3. Syc rousny (4egolius funereus)

Hnizdni areal syce rousného zahrnuje mirny pas Eurasie a Severni Ameriky (Korpiméki &
Hakkarainen 2012). V ramci aredlu tento druh vyhledava jehli¢naté a smiSené lesy (Hudec
1983), kde hnizdi v pfirozenych dutinach (zejména po datlu ¢erném Dryocopus martius)
nebo hnizdnich budkéch (Korpimiki & Hakkarainen 2012). Zatimco v severni Evrop¢ stavy
syce rousné¢ho dlouhodobé klesaji diky nevhodnému managementu lesa (Hakkarainen et al.
1997, Korpimédki & Hakkarainen 2012), ve stiedni Evropé¢ je populace stabilni nebo rostouci.
V Ceské republice byl v letech 1973-2003 zaznamenan nértst v podilu obsazenych kvadrati
(31-49%, Stastny et al. 2006). V soucasné dobé se vyskytuje v Ceské republice ve vhodnych
biotopech pomérné hojné. Hnizdni denzita syce se v severnich oblastech méni s nabidkou
hrabose a nornika (Korpiméki & Norrdahl 1989), ve stiedni Evropé tento vztah nebyl
zaznamenan. Divodem absence numerické odpovédi byla stabiln€j$i potravni nabidka a vice
typu koftisti (Zarybnicka et al. 2013 - piiloha V).

Syc rousny je v porovnani s ostatnimi druhy sov striktné¢ nocnim druhem. Jeho
aktivita zacind po soumraku a v naSich podminkach dosahuje maxima mezi 22-23 hodinou.
Béhem krmeni mlad’at je aktivita prodlouzena az do rannich hodin (Zarybnicka 2009).
Z hlediska migrace je syc rousny stalym nebo ptelétavym druhem. Samci jsou dlouhodobé
vérni svym hnizdistim, v jejichz okoli se vyskytuji po cely rok. Samice mohou vykazovat
pielety, nejcastéji do vzdalenosti 20 km (Cepak et al. 2008).

1.2.4. Pustik obecny (Strix aluco)

Aredl pustika obecného je rozdelen do dvou ¢asti — evropské a vychodasijské (Hudec 1983).

Ve stiedni Evropé se jedna o nejhojnéjsi druh sovy, vyskytuje se prakticky ve vSech typech
lesnich biotopti a bézné hnizdi také v méstskych parcich (Hudec & Stastny 2005a, Stastny
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et al. 2006). K hnizdéni vyuziva ptirozené dutiny nebo hnizdni budky (napi. Petty 1999).
Hnizdni denzita zejména mladych parit byla v severnich oblastech pozitivné korelovana
s nabidkou drobnych savct. U starSich para tento vztah nebyl signifikantni (Karell et al.
2009). Ve sttedni Evropé nejsou vysledky studii konzistentni, vztah mezi abundanci hlavni
kofisti zejména mysic rodu Apodemus byl zjistén u Svycarské populace (Roulin et al. 2009),
ale v Ceské republice nebyl tento vztah potvrzen (Luka & Riegert in press - priloha VI).
Rozdilné vysledky mohou byt dany riznymi potravnimi zvyklostmi jednotlivych populaci
v souvislosti s potravni nabidkou na dané lokalit¢.

Pustik obecny je stalym druhem, v Ceské republice bylo 78% jedincii krouzkovanych
pievazné jako mlad’ata na hnizd¢ zpétné nalezeno do 10 km od mista okrouzkovani (Cepak
et al. 2008).

1.3. SloZeni potravy

V ramci dravci 1 sov s rozsifenim na severni polokouli se fada druhil specializovala k lovu
drobnych savcti. Ze studovanych druht se jedna predevsim o postolku obecnou, kalouse
usatého a syce rousného. V potravé pustika obecného se obvykle vyskytuje také vyrazny
podil drobnych savct, ale také cela fada jinych obratlovei (napf. Obuch 2011). SloZeni
potravy specialistl 1 generalistli do znacné miry odrazi nabidku drobnych savcti na lovistich,
ale je zaroven ovlivnéna fadou dalSich faktort. Celkova diverzita v potravé ptacich predatori
specializovanych k lovu drobnych savci obvykle roste jiznim smérem, zarovei se vSak timto
smérem snizuje prumeérna velikost kofisti (Korpiméaki & Marti 1995).

Porovnani 110 studii zabyvajicich se slozenim potravy u studovanych druhi ptacich
predatorii pfinasi rozdily v celkovém slozeni jejich potravy v ramci zapadni Palearktidy
(obr. 1). Postolka obecna vykazuje nejvétsi variabilitu v zastoupeni hlavnich slozek
potravy a jeji potravni nika se Caste¢né prekryva s potravnim spektrem vSech studovanych
druhti sov. Ve srovnani se sovami je potrava posStolky obecné charakterizovana vysokym
zastoupenim rodu Microtus a pravidelnou pfitomnosti bezobratlych (tab. 1), coZ je
pravdépodobné zpiisobeno denni aktivitou tohoto predatora. Studované sovy vykazuji mensi
variabilitu v zastoupeni hlavnich sloZek potravy a jejich spektra se prakticky nepiekryvaji
(obr. 1). Potrava kalouse uSatého je charakterizovana celkové vysokym zastoupenim rodu
Microtus a ostatnich hlodavctl, zejména rodu Apodemus (tab. 1). Potrava syce rousného
je charakterizovdna vysokym podilem drobnych savcil, zejména rodt Microtus, Myodes a
Apodemus a hmyzozravcu (tab. 1). Potrava pustika obecného vykazuje pomérné vyrovnané
zastoupeni vice slozek. Dominantnim rodem jsou mysSice rodu Apodemus, nasleduji rody
Microtus a Myodes. U pustika obecného se na rozdil od ostatnich sov v potravé Casto vyskytuji
bezobratli (tab. 1). Celkové zastoupeni ptaka v potravé je podobné u vSech studovanych
druht, ale mezi jednotlivymi populacemi existuje znacna variabilita (tab. 1).
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Obrazek 1. - Slozeni potravy vybranych druht ptacich predatori v zépadni Palearktidé
s diirazem na zastoupeni rodi Microtus, Apodemus a Myodes zalozené na procentudlnim
zastoupenim poctu jedincl. Zahrnuty byly studie z hnizdniho i mimohnizdniho obdobi
napfi¢ riznymi biotopy (n = 110 publikovanych studii; poStolka obecna 34, kalous usaty 38,
syc rousny 17, pustik obecny 21). Do analyzy byly zahrnuty studie s minimalnim poc¢tem 50
polozek v potrave, ale praimérny pocet polozek byl podstatné vyssi (primér + s.d., 3772 +
9070). Mnohorozmérné data byla zhodnocena pomoci PCA analyzy (ter Braak & Smilauer
2012), vstupni jednotku ptedstavovala lokalita. Nekteré studie z vice lokalit v grafu maji
vice bodi, lokality jsou odlisSené malymi pismeny. Do analyzy vstupovalo procentualni
zastoupeni jednotlivych slozek potravy, data byla pfed analyzou logaritmovana. Celkovy
pocet determinovanych polozek byl pouzit jako kovariat. Ordina¢ni diagramy zobrazuji
zvlast vzajemnou polohu lokalit a hlavnich slozek potravy. Jednotlivé druhy predatora
jsou odliSeny riznymi symboly. Rozsah variability v rdmci jednoho druhu je ohranicen
polygony.

Prvni a druha ordina¢ni osa spolecné vysvétluji 47,9% variability. Prvni ordinaéni
osa predstavuje gradient v zastoupeni rodu Microtus (korelacni koeficient -0,75), ostatnich
obratlovct (0,66) a bezobratlych (0,99). S druhou ordinacni osou pozitivné koreluje
zastoupeni rodit Myodes (0,78), Apodemus (0,58) a hmyzozravci (0,62). Zastoupeni
ostatnich hlodavcii (zejména rody Mus, Rattus a Micromys) je slabé negativné korelovano
s prvni ordinacni osou (-0,18). Zastoupeni ostatnich savcii pozitivné koreluje s prvni i druhou
ordinacni osou (0,40 a 0,39), zastoupeni ptakii vykazuje s obéma osami také pozitivni vztah,
ale s vyrazn¢ slabsim korelacnim koeficientem (0,23 a 0,15).

Jednotlivé studie jsou v grafu oznaceny dvoupismennou zkratkou zemé a v zavorce je
uvedeno identifika¢ni Cislo publikace. Studie, které jsou soucasti této prace, jsou vyznaceny
tuénym fontem. Zkratky zemi: AU — Rakousko, BE — Belgie, BG — Bulharsko, CR —
Chorvatsko, CV — Kapverdy, CZ — Ceska republika, DE — Némecko, DZ — Alzirsko, ES-CI
— Kanarské ostrovy, ES — épanélsko, FI — Finsko, FR — Francie, GB — Velka Britanie, SE
— Svédsko, GR — Recko, HU — Mad’arsko, CH — Svycarsko, IR — Iran, IS - Izrael, IT — Italie,
LT — Litva, ME — Cerna Hora, NL — Nizozemi, NO — Norsko, PL — Polsko, RO — Rumunsko,
RS — Srbsko, RU-CR — Krym a Kavkaz, RU — Rusko, SC — Skotsko, SE — Svédsko, SK
— Slovensko, SL — Slovinsko, TR — Turecko, UK — Ukrajina.

Identifika¢ni ¢isla publikaci: FI(01) Korpimidki (1988); RU(02) Boiko & Shutova
(2005); FI(03) Jaderholm (1987); CZ(04) Pokorny et al. (2003); CZ(05) Pokorny (2000);
SE(06) Hornfeldt et al. (1990); CZ(07) Kloubec & Obuch (2003); IT(08) Mezzavilla et al.
(1994); CZ(09) Vacik (1991); CZ(10) Pykal & Kloubec (1994); AU(11) Busch et al. (1991);
DE(12) Schelper (1989); DE(13) Schwerdtfeger (1988); FI(14) Korpiméki (1987); DE(15)
Plucinski (1981); CZ(16) Zarybnicka et al. (2013) — piiloha V; CZ(17) Rymesova (2006);
CR(18) Mikuska et al. (2015); GR(19) Alizivatos & Gouner (1999); SK(20) Tulis et al.
(2015); CR(21) Benceri¢ & Pavlovic¢ (2010); CZ(22) Bencova et al. (2006); RO(23) Benedek
& Sirbu (2010); IT(24) Cecere etal. (2013); SL(25) Tome (2009); IS(26) Charter et al. (2012);
PL(27) Cichocki et al. (2008); PL(28) Dziemian et al. (2012); SP(29) Escala et al. (2009);
CZ(30) Gadtrkova (2013); IT(31) Galeotti & Canova (1994); IT(32) Galli et al. (2015);
PL(33) Gryz & Krauze-Gryz (2015); PL(34) Hetmanski et al. (2008); IT(35) Cecere & Vicini
(2000); GR(36) Kafkaletou-Diez et al. (2008); IR(37) Khaleghizadech et al. (2006); PL(38)
Kitowski (2013); PL(39) Lesinski et al. (2016); BG(40) Milchev & Ivanov (2016); RS(41)
Purger & Krsmanovic (1989); IT(42) Sergio et al. (2008); RU(43) Sharikov & Makarova
(2014); UK(44) Stasiak et al. (2012); PL(45) Stolarz et al. (2017); IT(46) Trotta (2010);
NL(47) Wijnandts (1984); BG(48) Milchev et al. (2003); FI(49) Korpimaki (1992); SE(50)
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Nilsson (1981); SC(51) Village (1981); SK(52) Kristin (1987); CZ(53) Riegert et al. (2009)
— priloha I'V; IT(54) Capizzi & Luiselli (1998); PL(55) Romanowski (1996); GB(56) Yalden
(1980); HU(57) Katalin & Maria (2015); DZ(58) Souttou et al. (2007); CZ(59) Tomesek
& Cermak (2009); IT(60) Simmi et al. (1997); GB(61) Simms (1961); GB(62) Yalden &
Warburton (1979); SK(63) Darolova (1989); DE(64) Kiibler et al. (2005); IT(65) Lovari
(1974); PL(66) Skierczynski (2006); AU(67) Sumasgutner et al. (2013); NL(68) Bijlsma
(2012); GB(69) Hirons (1984); FI(70-71) Korpiméki (1985), Itimies & Korpiméki (1987);
CV(72) Ontiveros (2005); PL(73) Zmihorski & Rejt (2007); SK(74) Keckésova & Noga
(2008); ES-CI(75) Carrillo et al. (1994); ES(76) Navarro et al. (2014); NO(77) Nodeland
(2013); PL(78) Boratynski & Kasprzyk (2005); RU(79) Gavrilov & Zalesky (1961); NL(80)
Cavé (1968); CZ(81) Plesnik (1992); DE(82) Beichle (1980); FR(83) Boileau (2005);
CH(84) Roulin (1996); IR(85) Khaleghizadech & Javidkar (2006); SK(86) Balat & Bauer
(1955); DE(87) Piechocki (1975); GB(88) Fairley & McLean (1965); GB(89) Davis (1960);
CZ(90) Riegert et al. (2009) — priloha IV; ES(91) Adanez (2000); LT(92) Balc¢iauskiene
et al. (2006); FR(93) Baudvin & Jouaire (2006); 1T(94) Capizzi (2000); IT(95) Capizzi &
Luiselli (1998); PL(96) Grzedzicka et al. (2013); GB(97) Kirk (1992); SL(98) Kuhar et al.
(2006); IT(99) Marchesi et al. (2006); BE-TR (100) Obuch (2011); NO(101) Overskaug et
al. (1995); GB(102) Petty 1999; PL(103) Romanowski & Zmihorski (2009); IT(104) Sergio
et al. (2007); FI(105) Solonen & Karhunen (2002); NO(106) Sunde et al. (2001); PL(107)
Wiacek et al. (2009); PL(108) Zalewski (1994); PL(109) Zawadzka & Zawadzki (2007);
PL(110) Zmihorski & Osojca (2007); CZ(111) Luka & Riegert in press — piiloha VI.

Tabulka 1. Primérné procentudlni zastoupeni z poctl polozek (+ s.d. a rozsah) vybranych
slozek potravy studovanych druhli ptacich predatorti. Data pochazi ze 110 publikovanych
studii v zapadni Palearktidé. Cislo v zévorce v prvnim fadku udava pocet lokalit. Data
pochdazeji z hnizdniho 1 mimohnizdniho obdobi.

Falco tinnunculus Asio otus Aegolius funereus Strix aluco
(n=155) (n=39) (n=17) (n=30)
Microtus 43,1 £28,5 61,2+ 25,6 34,6 £ 13,8 16,7+ 16,3
(0,0-95,5) (0,0 - 87,4) (1,9 - 52,6) (2,3-62,1)
Myodes 1,2+24 1,1 +£2,0 18,8 + 13,1 9,8 £8,2
24 (0,0-10,2) (0,0-10,2) (3,1-51,1) (0,0-33,1)
Apodemus 2,1£29 14,0+ 11,6 11,7+ 10,8 20,9 £ 13,0
P (0,0 - 16,1) (0,0 - 59,3) (0,0 - 39,0) (0,4-51,1)
ostatni 4,1+43 13,5+21,2 5,7+428 4,8+7,.2
Rodentia (0,0-16,5) (0,0-93,4) (1,4-21,1) (0,0 - 26,3)
Insectivora 39+7,0 1,9+39 19,5+10,4 7,8 +£8,7
(0,0 - 38,2) (0,0 - 18,7) (3,8-37.5) (0,0 - 38,1)
ostatni 1,6+54 0,104 0,1+0,5 7,8+ 6,6
Mammalia (0,0 -32,9) (0,0 -2,2) (0,0-2,1) (0,6 - 30,0)
Aves 12,5+ 14,5 7,3+ 11,7 9,0+ 15,1 12,3 +10,1
v (0,0-63,3) (0,0 - 63,4) (0,0 -65,1) (1,2-44,4)
ostatni 52+122 0,0+0,1 0,0+0,0 73+84
Vertebrata (0,0-76,4) (0,0-0,4) (0,0-0,0) (0,0 - 33,8)
Invertebrata 26,3 £25,7 09+24 0,618 12,6 16,7
(0,0 -95,3) (0,0 -10,3) 0,0-17,3) (0,0 -76,5)
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1.3.1. Postolka obecna

V potravé postolky obecné pravidelné dominuji drobni savci, piedevSim zastupci rodu
Microtus (Village 1990, tab. 1). Vysoké zastoupeni hraboSe (> 80%) je charakteristické
predev§im pro mimomestské populace ve stiedni a severni Evropé (napt. Plesnik 1992,
Roulin 1996). Nizké nebo prakticky zadné zastoupeni hrabose v potravé vykazuji populace
z jiznich oblasti, napiiklad z Italie (Lovari 1974), Kapverdskych ostrovii (Ontiveros
2005), Kanarskych ostrovi (Carrillo et al. 1994), Alzirska (Souttou et al. 2007) nebo
Iranu (Khaleghizadech & Javidkar 2006). V téchto oblastech se v potravé ndpadné zvysuje
zastoupeni bezobratlych, zejména rovnokiidlych - Orthoptera (Lovari 1974, Gil-Delgado et
al. 1995), brouki - Coleoptera (Khaleghizadech & Javidkar 2006, Souttou et al. 2007), ale
také plazt z Celedi Lacertidae a Gekkonidae (Carrillo et al. 1994).

Z ostatnich hlodavcii se v potravé postolky obecné nejCastéji vyskytuji zastupci
rodi Micromys, Mus a Rattus (Plesnik 1992, Riegert et al. 2007 — priloha I). Mysice rodu
Apodemus se v potrave postolek vyskytuji jen vzacné (napt. Keckésova & Noga 2008), ale
jejich podil miize byt vyssi u jiznich populaci (napt. 16,1% - Francie, Boileau 2005). Casty
vyskyt mysic v potraveé uvadi také Village (1990) ze Skotska. Nicmén¢, udaj nelze jednoduse
porovnat s ostatnimi, nebot’ autor uvadi pouze podil vyvrzki, ve kterych byly mysSice
zjistény. Nornici rodu Myodes se v potrave poStolky vyskytuji vzacné (< 3%). HmyzoZravci
(Insectivora) tvofi pravidelnou slozku potravy, nejcastéji se jednd o rody Sorex, vzacnéji
Crocidura a Talpa. Nejvyssi zastoupeni hmyzozravcl bylo zjisténo u postolek ve Velké
Britanii (25%, Simms 1961) a v Norsku (18%, Nodeland 2013).

Bezobratli tvofi pravidelnou slozku potravy populaci nejen v jiznich oblastech, ale
ve vétsing aredlu vyskytu (pramér 26%, tab. 1). Podobné jako v jizni Evropé jsou v potrave
nejcastéji nalezeni zastupci broukt a rovnokiidlych (Itdimies & Korpimédki 1987, Riegert &
Fuchs 2004 — priloha VII, Sumasgutner et al. 2013).

1.3.2. Kalous usaty

V potravé kalouse usatého se ve srovnani s ostatnimi druhy vyskytuje primérné nejvyssi
podil hrabose rodu Microtus (tab. 1). Jeho dominantni zastoupeni (> 80%) vykazuji populace
ze stfedni a zépadni Evropy (Village 1981, Hetmanski et al. 2008, Riegert et al. 2009
— priloha IV, Dziemian et al. 2012, Stasiak et al. 2012, Kitowski 2013, Gryz et al. 2015,
Tulis et al. 2015, Lesinski et al. 2016, Stolarz et al. 2017), v severni Evrop¢ bylo zastoupeni
bylo zjisténo v jiznich oblastech, napiiklad v Recku (Alivizatos & Goutner 1999), Italii
(Galli et al. 2015) nebo Iranu (Khaleghizadeh et al. 2009). U jiznich populaci byl zjistén
souCasny narast zastoupeni ostatnich druhii hlodavct, predevsim rodd Tatera, Gerbillus
(Khaleghizadeh et al. 2009), Mus (Alivizatos & Goutner 1999, Escala et al. 2009) nebo ptaki
(Galli et al. 2015).

Mysice rodu Apodemus se v potravé kalouse usatého vyskytuji pravidelné, nejvyssi
zastoupeni (20-60%) bylo dokumentovano v jizni a stiedni Evropé€, konkrétné naptiklad v
Recku (Alivizatos & Goutner 1999), Chorvatsku (Benceri¢ & Pavlovi¢ 2010), Italii (Galeotti
& Canova 1994, Capizzi & Luiselli 1998, Cecere & Vicini 2000), Rumunsku (Benedek &
Sirbu 2010), Bulharsku (Milchev & Ivanov 2016) a Ceské republice (Bencova et al. 2006,
Gadirkova 2013). Severnim smérem jejich zastoupeni v potravé klesa na hodnoty 10-15%
(napf. Polsko - Cichocki et al. 2008, Dziemian et al. 2012, Kitowski 2013, Rusko - Sharikov
& Makarova 2014) a v potraveé prakticky chybi na severni hranici jejich arealu (Korpimaki
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1992). Celkové zastoupeni mysic v potravé kalouse v Ceskych Bud&jovicich odpovida spise
niz§imu priméru (14%, Riegert et al. 2009 — priloha IV). Nornici rodu Myodes se v potrave
kalouse vyskytuji vzacné (0-3%), nejvyssi hodnota pochazi z Finska (10%, Korpimaki
1992). Hmyzozravci (nejcastéji rodu Sorex) tvoii podstatnou ¢ast potravy pouze v severnich
oblastech a ve Skotsku (10-20%, Korpimidki 1992, Village 1981). Vyjimkou je také jejich
vysoké zastoupeni na Ukrajin€ (14%, Stasiak et al. 2012). V ostatnich studiich nepfesahuje
jejich celkové zastoupeni 2%.

Ptaci mohou predstavovat u riznych populaci znacnou Cast potravy, ziejmé
v zévislosti na lokalnich podminkach. Napftiklad nejvyssi tidaj 63% pochazi z hromadného
nocovisté v urbannim prostiedi severni Italie (Galli et al. 2015). Primérné vSak tvoti 7-12%
potravy (tab. 1). Bezobratli vétSinou tvofi zanedbatelnou slozku potravy, jejich zastoupeni
vétSinou nepiesahuje 1%. Vyjimkou jsou studie z jizniho Slovenska (Kristin 1987), Italie
(Trotta 2010, Hetmanski et al. 2008) a Polska (Gryz & Krauze-Gryz 2015), kde zastoupeni
bezobratlych piesahuje 5% z celkového poctu determinovanych polozek.

1.3.3. Syc rousny

Rod Microtus v potravé syce rousné¢ho zpravidla tvofi jednu z dominantnich slozek
(tab. 1). Hrabos$ bézné dosahuje celkového zastoupeni ptiblizné 40%, a to jak ve stfedni
(Schwerdtfeger 1988, Bush et al. 1991, Vacik 1991, Pokorny 2000, Zarybnicka et al. 2013
— priloha V) tak 1 v severni Evropé (Korpimidki 1987, Hornfeldt et al. 1990). Vyjimkou
je studie ze Svycarska, kde bylo v potravé zjisténo méné nez 8% hrabosti rodu Microtus
(Ravussin et al. 2016). MySice rodu Apodemus tvoti také podstatnou ¢ast potravy a jejich
prumérné zastoupeni je srovnatelné se zastoupenim u kalouse usatého (tab. 1). V severnich
oblastech (Finsko, Svédsko) nebyly mysice v potravé zaznamenany, piedeviim z divodu
umisténi populaci syce na hranici rozsifeni rodu Apodemus. Rod Myodes piedstavuje stalou
slozku potravy (tab. 1), nejvyssi zastoupeni (> 40%) bylo zaznamenano v severni Evropé
(Jaderholm 1987, Hornfeldt et al. 1990). Nejnizsi hodnoty (< 5%) pochézeji ze stfedni
Evropy (Plucinski 1981, Zarybnicka et al. 2013 — priloha V). Nicmén¢, v ramci stfedni
Evropy se objevuji 1 studie s vys$Sim zastoupenim (10-20%, Pokorny 2000, Pokorny et al.
2003, Zarybnicka et al. 2015 — priloha VIII). HmyzoZravci se v potravé syce vyskytuji
také pravidelné (tab. 1), nejcastéji se jedna o rody Sorex a Neomys (napft. Jaderholm 1987,
Schelper 1989, Rymesova 2006).

Ptaci obvykle tvofi minoritni ¢&st potravniho spektra syce rousného (< 10%),
vyrazné vyssi zastoupeni bylo zjisténo v Rusku (19%, Boiko & Shutova 2005) a v Némecku
(65%, Plucinski 1981). Bezobratli se v potravé syce rousného vyskytuji velmi vzacné (<
1%). Vyjimkou je studie z Moskvy, kde autofi zaznamenali celkové zastoupeni 7% (Boiko

& Shutova 2005).

1.3.4. Pustik obecny

Diky zna¢nému oportunismu tvoii rod Microtus v potravé pustika obecného primérné

cv v

(> 40%) bylo zaznamendno pievazné v severnich oblastech, konkrétné v Norsku (Sunde
et al. 2001, Obuch 2011), Velké Britanii (Petty 1999) a Litvé (BalcCiauskiene et al. 2006).

v

(Adanez 2000), Francii (Baudvin & Jouaire 2006), Cerné Hote a Turecku (Obuch 2011).
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V ramci sttedni Evropy je celkové zastoupeni hrabose v potravé spise nizké (5%, Zmihorski
& Osojca 2006, Luka & Riegert in press — priloha VI) nebo stfedni (10-20%, Zalewski
1994, Grzedzicka et al. 2013).

Nornici rodu Myodes tvoti pravidelnou soucast potravy pustika obecného a jejich
zastoupeni se vyrazn¢ lisi mezi studovanymi populacemi (tab. 1). Nejvyssi podil byl zjistén
v Norsku (27%, Sunde et al. 2001). Jiznim smérem jejich zastoupeni v potravé klesa, naptiklad
Polsko 10-15% (Zmihorski & Osojca 2006, Wiacek et al. 2009), Ceska Republika 10-11%
(Obuch 2011, Luka & Riegert in press — priloha VI), Slovinsko 2 % (Kuhar et al. 2006),
Turecko < 1% (Obuch 2011). Mysice rodu Apodemus maji v potravé pustika primérné pomérné
nizké zastoupeni (tab. 1), ale rozdily mezi jednotlivymi populacemi mohou byt znacné. Nejvyssi
zastoupeni (> 30%) je dokumentovano z Ceské Republiky (Obuch 2011, Luka & Riegert in
press — priloha VI), Polska (Wiacek et al. 2009, Grzedzicka et al. 2013), Italie (Sergio et al.
2007) a oblasti Krymu a Kavkazu (Obuch 2011). Celkové je jejich podil v potravé pustika
ve stiedni Evrop€ znaéné variabilni (4-38%), jejich zastoupeni mlze vykazovat zna¢nou
variabilitu 1 na mens$i geografické skale, napf. v ramci Slovenska (0-30%, Obuch 2011).
al. 2001, Obuch 2011) a ve Velké Britanii (Petty 1999). Ostatni hlodavci se v potravé pustika
vyskytuji méné casto. Jedna se zejména o druhy z ¢eledi Muridae a Gliridae (Obuch 2011).

Hmyzozravci jsou v potraveé pustika nejcastéji zastoupeni rody Sorex, Neomys a Talpa
(napt. Obuch 2011) a jejich podil miiZze u nékterych populaci presahovat 30% (Belgie - Obuch
2011, Polsko - Romanowski & Zmihorski 2009). Primémé viak dosahuji mnohem niZzsich
zastoupeni (tab. 1). Z ostatnich savct se v potrave pustika obecného vyskytuji zeyména zastupci
letountt (Chiroptera, napt. Kuhar et al. 2006, Obuch 2011). Ptaci tvofi vyznamnou slozku
potravy (tab. 1), jejich nejvyssi zastoupeni bylo zjisténo v polské Toruni (42%, Zalewski 1994).
Podobny podil ptaki v potraveé (45%) byl zjiStén u lesni populace v Italii (Marchesi et al. 2006).
2009). Zastoupeni ptakii v potravé pustika tedy pravdépodobné nevykazuje zadny napadny
trend.

Na rozdil od pfedchozich dvou druhii sov se v potravé pustika vyskytuje vyssi podil
ostatnich obratlovct (tab. 1). Pustici ¢asto lovi obojzivelniky a vzacné také ryby (Obuch 2011).
Od ostatnich studovanych sov se slozeni potravy pustika obecného 1isi také pravidelnym
vyskytem bezobratlych (tab. 1). NejcCastéji se jedna o zastupce brouki a rovnokiidlych
(Obuch 2011) nebo motyli (Overskaug et al. 1995). Nékteré populace maji v potravé nemaly
podil slimakii ¢eledi Limacidae (az 10%), kteti jsou pravdépodobné konzumovéni v obdobi

nedostatku hlavnich slozek potravy (Obuch 2011).

1.4. Faktory ovliviiyjici sloZeni potravy
Kromé geografické pozice se na variabilité slozeni potravniho spektra podili dalsi biotické
1 abiotické faktory. Mezi nejvyznamng;jsi faktory patii dostupnost potravy, sezénni zmény a

vliv klimatickych podminek, ale také naptiklad vliv individualnich loveckych strategii nebo
kvalita a stéfi jedince.

1.4.1. Vliv abundance hlavni kofisti

Kolisani abundance drobnych savcli béhem let je zndmym fenoménem a pravidelnost
nebo amplituda cykli byla studovdna v rtznych ¢astech Evropy (napi. Jedrzejewski &

17



Jedrzejewska 1996). V severnich oblastech jsou obvykle cykly drobnych savci (Microtus
agrestis a Myodes glareolus) pravidelné (3-4 leté) s velkym rozdilem abundance mezi
fazi pesima a optima. Jiznim smérem se vSak amplituda i cyklicita snizuje v zavislosti
na snéhové pokryvce (Hansson & Henttonen 1985). K podobnym vysledkiim dospéli
také Mackin-Rogalska & Nabagto (1990) u hrabose polniho (Microtus arvalis). DalSim
gradientem, ktery byl na tzemi Evropy zjistén, je postupné zvySovani amplitudy a
pravidelnosti cykl hrabose polniho od Baltského mote smérem do stiedni Evropy (Tkadlec
& Stenseth 2001). V soucasné dobé se spekuluje o obecném slabnuti cykli drobnych savci
rodu Microtus a Myodes na Gzemi severni i stiedni Evropy, které je zptisobené klimatickymi
zménami (Hornfeldt et al. 2005, Cornulier et al. 2013, Gouveia et al. 2015). Tyto trendy
nebyly v nékterych oblastech potvrzeny, napiiklad ve Finsku na zéklad¢ dlouhodobych
dat o reproduk¢ni uspésnosti vybranych ptacich predatorti (Sundell et al. 2004). Piipadné
slabnuti cykli muze byt zpiisobeno i jinymi faktory. V ptipad¢ studijni plochy v Krusnych
Horach nelze zanedbat vliv postupného starnuti porostli vysazené¢ho smrku pichlavého Picea
pungens (Zarybnicka et al. 2017a). Diky tomu je biotop v souc¢asné dob¢ vhodnéjsi k vyskytu
zejména mysic rodu Apodemus, jejichz populace na lokalité nyni vykazuji pravidelné tiileté
cykly. Také u nornika rudého Myodes glareolus byl v poslednich letech zaznamenan na
studijni plose nartst pocetnosti a 3-5 leté cykly. Na studované lokalit¢ navic nebyl zjistén
celkovy pokles pocCetnosti hrabose moktadniho, pouze nebyly prokazany pravidelné cykly
(Zarybnicka et al. 2017a).

Vliv abundance na zastoupeni hlavni kofisti v potravé ptacich predatorti doklada cela
fada viceletych studii. Pozitivni vztah mezi zastoupenim hlavni kofisti a jeji abundanci na
lovisti (funkéni odpoveéd predatora, Abrams 1982) byl dokumentovan nejen u studovanych
druhd, ale také u fady dalSich druht dravct a sov (napt. Buteo buteo - Reif et al. 2001, Buteo
lagopus - Pasanen & Sulkava 1971, Francksen et al. 2017, Circus cyaneus - Redpath &
Thirgood 1999, Circus pygargus - Salamolard et al. 2000, Tyto alba - Bernard et al. 2010,
Asio flammeus - Korpimiki and Norrdahl 1991).

U postolky obecné je preferovanou koftisti hrabos rodu Microtus (napt. Casagrande
et al. 2008). Funk¢ni odpovéd’ byla u postolky obecné dokumentovana naptiklad u finské
populace (Korpimiki 1986, Korpiméki and Norrdahl 1991). V hnizdnich sezdnach, kdy byly
abundance hrabose na lovisti vysoké, byl hrabos preferovanou kofisti. Behem jeho nedostatku
na lovistich vzrastal v potravé podil ptaki, hryzce vodniho Arvicola terrestris a rejskii rodu
Sorex. Abundance nornikil, hryzct ani rejskii neméla na slozeni potravy signifikantni vliv.
K podobnym zavérim dospél také Village (1982) ve Skotsku v mimohnizdnim obdobi.
Podil vyvrzki, které byly tvoieny vyhradné hraboSem mokitadnim (Microtus agrestis),
byl pozitivné korelovan s abundanci hrabose na lovisti. V hnizdni sezoné tento trend nebyl
prukazny. V roce s nizkou abundanci hrabose se v potravé zvysilo zastoupeni ptakt, rejska
a zizal (Lumbricidae), ale jejich podil nevykazoval signifikantni vztah s abundanci hrabose
(Village 1982, 1990). V Ceské republice byla asteéna funkéni odpovéd zjisténa u urbanni
populace v hnizdnim obdobi, nebot’ vliv abundance hraboSe na slozeni potravy byl pouze
indikativni. V letech s nizkou abundanci hrabose byl v potravé zjistén vyssi podil hmyzu,
zejména broukt z Celedi Carabidae a rovnoktidlych z ¢eledi Tettigonidae. Nicméné, nartst
podilu hmyzu v potravé hral zanedbatelnou roli, pokud bylo pocitdno s biomasou kofisti
(Riegert et al. 2007 — priloha I). Rozdily mezi finskymi, skotskymi a ¢eskymi populacemi
mohou byt dany predevsim méné vyraznou fluktuaci pocetnosti hrabose ve stfedni Evropé.

Také u kalouse uSatého byl zjiStén pozitivni vztah mezi zastoupenim rodu
Microtus v potravé a jeho abundanci na lovisti. Zastoupeni hrabose bylo navic negativné
korelovano s celkovou diverzitou v potravé. Béhem let s nizkou abundanci hrabose vzristal
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v potravé slovinskych kalousi podil zejména mysic rodu Apodemus a ptakt (Tome 2003).
K podobnym zavérim dospéli také v Nizozemi (Wijnandts 1984) a Italii (Sergio et al.
2008), kde se v obdobi nedostatku hrabose zvySoval podil mysic rodu Apodemus a ptaka
v potrave. U skotské populace kalouse byl zjistén pozitivni vztah mezi zastoupenim hrabose
moktadniho v potravé a jeho abundanci na lovisti, zastoupeni ptaki vSak bylo celkové velmi
nizké a alternativni kofisti byli rejsci rodu Sorex (Village 1981). U finskych kalousi byla
v hnizdnim obdobi také zjisténa pozitivni korelace mezi zastoupenim hrabosi rodu Microtus
v potravé a jeho abundanci na lovisti, zastoupeni ostatnich vyznamnych slozek potravy
s abundanci hrabosSe nebylo korelovano (Korpiméki 1992). Negativni korelaci s abundanci
hrabose vykazovalo zastoupeni drobnych savct z ¢eledi Muridae (rody Rattus, Micromys,
Mus) a ptakti. Vyznamny vliv abundance hraboSe na celkové slozeni potravy byl zjistén
také u zimujicich kaloust na Slovensku (Tulis et al. 2015). Vysledky z Ceské republiky také
dokladaji vysoké zastoupeni hrabose v potrave kalousii ve vSech ¢tyfech hnizdnich sezonach
(60-90%), v letech s jeho niZ8i abundanci na lovisti se v potravé zvysil predev§im podil
mysic rodu Apodemus (7-35%) a zastoupeni ptaka bylo stabiln€ nizké (2-5%, Riegert et al.
2009 — priloha IV).

Podobné vysledky miizeme sledovat u syce rousného. Naptiklad ve Finsku
(Korpimaiki 1988) byl v hnizdnim obdobi dokumentovan pozitivni vztah mezi zastoupenim
hrabose v potravé a jeho abundanci na lovisti, indikativni pozitivni korelace byla zjisténa
navic u nornika rodu Myodes. Negativni korelaci s abundanci hrabose vykazovali rejsci a
ptaci, ktefi byli alternativni kofisti. Béhem hnizdni sezony si syci navic vytvareli zasoby
kotisti, které¢ jim pomahaly ptfekonat kratkodobé nedostatky hlavni potravy zpiisobené
nevhodnymi klimatickymi podminkami (napi. sn¢hova pokryvka, Korpimiki 1987). Ve
sttedni Evropé¢ je situace odliSna. Pfestoze bylo v potravé syce zjisténo vysoké zastoupeni
rodu Microtus (47%), jeho zastoupeni v potravé nebylo korelovano s abundanci hrabose na
lovisti. Funk¢ni odpovéd’ byla zjisténa pouze pro mysice rodu Apodemus (Zarybnicka et
al. 2013 — priloha V). Nornici rodu Myodes se v potravé syce vyskytuji v omezené miie
(3%), ale nevykazuji korelacni vztah s jejich abundanci na lovisti. S nabidkou drobnych
savcl pravdépodobné souvisi 1 klesajici zastoupeni nornikli a mysic a rostouci zastoupeni
ptaki v potrave syce s nadmotskou vyskou, ale abundance drobnych savct nebyla v tomto
piipad¢ stanovena (Zarybnicka et al. 2017 — priloha IX). Vyrazny pozitivni vztah byl
zjistén zejména mezi nadmoiskou vyskou a zastoupenim ptaka z celedi Fringillidae, ktefi
byli v potravé zastoupeni pievazné pénkavou obecnou (Fringilla coelebs). Na zaklad¢
vysledkii bodového scitani pfedstavuje pénkava obecna jeden z nejhojnéjSich druht
studované oblasti (Kloubec et al. 2015) a Ize tedy piedpokladat, ze ve vyssich polohach
pénkava predstavuje vhodnou alternativni kofist (Zarybnicka et al. 2017 — priloha IX).

Ptestoze je pustik obecny potravnim oportunistou, mizeme u néj nalézt podobné
trendy ve slozeni potravy. Ve Finsku tvofili drobni savci pod¢eledi Microtinae (Microtus,
Myodes, Arvicola) 18-31% potravy (Solonen & Karhunen 2002). Vyssi zastoupeni
drobnych savci bylo zjisténo v letech, kdy byla vyssi abundance hrabost rodu Microtus na
lovistich. V letech s nizkou abundanci hrabose byla potrava vice riznoroda a vzrustal podil
prakticky vSech ostatnich slozek, zejména obojzivelnikli a ptak (Solonen & Karhunen
2002). Anglickd populace vykazovala az 80% hrabose moktadniho v potravé a jeho
zastoupeni kolisalo podle abundanci na lovistich (Petty 1999). V letech s nizkou abundanci
se v potravé zvySovalo zastoupeni obojzivelnikl (zejména skokan Rana temporaria) a
ptaki. Obé tyto slozky potravy zaroven vykazovaly negativni korela¢ni vztah s abundanci
hrabose (Petty 1999). Populace ve stfedni Evropé mohou byt z velké Casti zavislé na
abundanci mySic rodu Apodemus (39%, Luka & Riegert in press — priloha VI). Nabidka

19



mysic do zna¢né miry determinuje sloZeni potravy. V obdobi nedostatku mysic vzrista
v potravé podil hrabost, nornikli a ptaka. Zastoupeni mysic v potravé klesd v prabéhu
hnizdniho obdobi a pozitivné koreluje s reprodukénimi parametry (Luka & Riegert in
press — priloha VI).

1.4.2. Sezénni zmény sloZeni potravy a vliv klimatickych faktort

Zmény ve slozeni potravy v prabéhu roku jsou do znacné miry spojeny se zménou
klimatickych podminek. V hnizdnim obdobi se diverzita potravy obvykle zvySuje, coz je
dano dostupnosti vice typt kofisti. U studovanych druht se jednd zejména o zvySeni podilu
hmyzu a ptakd (zejména mlad’at) a ostatnich slozek potravy v hnizdnim obdobi (napf.
postolka obecna: Darolova 1989, Plesnik 1992; kalous usaty: Nilsson 1981, Rubolini et al.
2003, Riegert & Fuchs 2004 — priloha VII, Bencovi et al. 2006; syc rousny: Korpimiki
1986; pustik obecny: Petty 1999, Zawadzka & Zawadzki 2007, Romanowski & Zmihorski
2009). Ve vétSin¢ studii je v hnizdnim obdobi dokumentovan pokles zastoupeni hrabose
v potravé. Vyjimkou je studie na syci rousném ve Finsku, kde byl diky vysoké snéhové
pokryvce zjistén nizsi podil hraboSe v potravé v mimohnizdnim obdobi (Korpimiki 1986).
K podobnym zavérim dospél také Tome (2009) u kalouse usatého ve Slovinsku. Béhem
mimohnizdniho obdobi bylo zastoupeni hraboSe nizs$i nez v hnizdnim obdobi, ale pouze
v letech, kdy byla abundance hraboSe na lovistich vysoka.

Béhem mimohnizdniho obdobi se slozeni potravy mlize vyrazné¢ ménit v zavislosti
na klimatickych faktorech. V pribéhu zimniho obdobi byla naptiklad u postolky obecné
ve VarSavé prokdzdna negativni korelace mezi teplotou a zastoupenim ptakli v potravé
(Zmihorski & Rejt 2007). Podobné vysledky uvadi také Riegert & Fuchs (2011)
— priloha III, kdy bylo zimovani urbannich poStolek ovlivnéno sné¢hovou pokryvkou. U
samctl, ktetfi béhem tuhé zimy neopustili sva nocoviste, byl zjistén pozitivni korelacni vztah
mezi zastoupenim ptakl a negativni vztah pro zastoupeni hraboSe v potravé a poctem dnt
se snéhovou pokryvkou. Také u kalouse usatého v Sofii byl v pribéhu zimniho obdobi
zjistén postupny narlst zastoupeni hrabose a ostatnich drobnych savcl s maximem v lednu
a postupnym poklesem jejich zastoupeni v jarnich mésicich. Zastoupeni ptaka vykazovalo
opacny trend (Milchev et al. 2003). U populaci kalouse ve stfedni Evropé mlze byt situace
odlisna, v potravé zimujici populace byl v prosinci (oproti bfeznu) zaznamendn snizeny
podil hrabosii a zvySeny podil mysic, ale podil ptakl byl stabilné nizky (Dziemian et al.
2012).

1.4.3. Vliv loveckého biotopu

Potravni nabidka se mlize vyrazné 1isit mezi riznymi biotopy, coZ se odrazi ve slozeni potravy
ptacich predatort (napt. Casagrande et al. 2008). Skotské poStolky obecné, které lovily na
pastviné, mély vyssi diverzitu v potravé v porovnani s jedinci, kteti lovili ve Skolkéach pro
mladé jehli¢nany. Postolky, které lovily na pastviné, mély v potravé zvyseny podil ptakl a
nizsi podil hrabose (Village 1982). V potravé lesni populace pustika obecného v Polsku byl
ve srovnani s populaci ze zeméedélské krajiny zjistén zvyseny podil hmyzozravcei, nornikt
a obojzivelniki (Romanowski & Zmihorski 2009). Nejvyraznéjsi rozdily mizeme sledovat
ve sloZeni potravy populaci z urbanniho prostfedi a okolni krajiny. PoStolky obecné ve
velkych méstech mohou mit v potraveé zvyseny podil ptaki, diky velké vzdalenosti z centra
mésta na periferni lovisté (Fairley & McLean 1965, Bozsko 1967, Beichle 1980, Yalden
1980, Darolova 1989, Plesnik 1992, Romanowski 1996, Piatella et al. 1999, Kiibler et al.
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2005, Sumasgutner et al. 2013). Podobny trend byl zjistén také u urbanni populace kalouse
usatého (Kiat et al. 2008) a pustika obecného (Grzedzicka et al. 2013). V menSich méstech
muize byt zastoupeni ptakli v potravé postolek a kaloust srovnatelné s mimomeéstskymi
populacemi, diky malé vzdalenosti na periferni lovisté (Riegert et al. 2009 — priloha IV).
Nicméné, 1 v mensich méstech dochazi ke zvyseni celkové diverzity v potravé (Boratynski
& Kasprzyk 2005).

1.4.4. Vliv pouzité metody

Realné slozeni potravy se muze liSit od zjiSténych udaji diky pouziti rGznych metod.
V historii popisu potravniho spektra ptacich predatort byla vyuzita celd fada metodickych
piistupti. Mezi zakladni patii (1) pfimé sledovani, (2) pouziti automatizované videotechniky,
(3) rozbor zbytki potravy (4) rozbor obsahu traviciho traktu a (5) rozbor vyvrzka (Mlikovsky
1998, Marti et al. 2007). Kazda z uvedenych metod ma své vyhody 1 nevyhody, a proto se
obecné doporucuje kombinovat vice metod soucasné (napt. Rutz 2003, Zarybnicka et al.
2011 - priloha X).

Rozbor vyvrzkl ze stavanist, nocovist nebo pfimo z hnizd je tradicni metoda,
kterou autofi vyuzivali k popisu potravniho spektra jiz v prvni poloviné minulého stoleti
(napt. Errington 1930). Tato metoda je obecné vhodnéjsi pro studium potravniho spektra
sov. Oproti dennim dravcim sovy stravi mensi podil kosti, coZ je dano niz§Sim pH v obsahu
zalude¢nich s§tav dravci (Duke et al. 1975, Cummings et al. 1976). Zaroven maji sovy
tendenci méné Casto dekapitovat kofist, coZ umoznuje uchovani znaku na lebce (Errington
1932, ale napt. Zarybnicka et al. 2011 — priloha X), které¢ jsou klicové k determinaci u
vSech skupin obratlovcti. Dalsi nevyhodou je, Ze u velkych kofisti je navic stanoveni poctu
ulovenych jedincti problematické. Neni naptiklad zfejmé, zda predator nevyuzival kofist
opakované nebo zda nepoziel pouze Cast kofisti a zbytek ponechal na misté¢ (Marti et al.
2007). V neposledni fad¢ Ize uvést fakt, ze zdaleka ne vSechny vyvrzky jsou vétSinou
nalezeny, obzvlasté pokud se jednd o materidl sbirany mimo hnizdo. Spravné pfifazeni
vyvrzku ke studovanému druhu mize byt také problematické, pokud jsou vyvrzky sbirany
bez piedchozich pozorovani na lokalité a jsou urCovany pouze na zaklad¢ rozméri, tvaru a
dalSich charakteristik. Klice k ur€ovani vyvrzkl jsou sice dostupné (napt. Mlikovsky 1998,
Burton 1984), sami autofi vSak nedoporucuji determinaci bez ovéfeni druhové piislusnosti
na zaklad¢ pozorovani (Marti et al. 2007). Vyvrzky jsou nejCastéji zpracovany pomoci
roztoku NaOH (Schueler 1972). Mezi nesporné vyhody rozboru vyvrzki patii pomérné
snadny a rychly sbér velkych vzorki bez nasledného ruseni predatori (Marti et al. 2007).
Vyvrzky lze navic sbirat v jakémkoliv rocnim obdobi, a pokud je sbér vyvrzkl spojen
s individudlnim znacenim a néslednym pozorovanim, lze analyzovat také individudlni
variabilitu ve sloZeni potravy (Riegert & Fuchs 2011 — priloha III).

Rozbor zbytkl potravy na trhaniStich nebo 1 na hnizdisti ¢asto vhodné dopliuje
rozbory vyvrzkil (napt. Riegert et al. 2007 — priloha I, Riegert et al. 2009 — priloha IV).
Nevyhodou je, Ze vétsi a ndpadnéjsi polozky déle vydrzi odolavat klimatickym vliviim a
jsou lépe zjistitelné. Diky tomu mize dojit k nadhodnoceni velkych polozek. Resenim
tohoto problému jsou pravidelné odbéry v kratSich intervalech (Marti et al. 2007). Metoda
je vhodna predevsim u druht, které se z velké ¢asti zivi ptaci kofisti, nebot’ opeteni je ve
vyvrzcich Casto degradovano nebo zcela chybi diky tomu, ze kofist mtize byt pfed pozienim
z velké casti zbavena opefeni (napf. Rutz 2003). Behem kombinovani materialu z rozboru
vyvrzkl je tieba vzit v ivahu maximalni mozny pocet polozek z jednotlivych casti téla
koftisti, aby nedochazelo k duplikacim polozek (Marti et al. 2007).
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Rozbor obsahu zaludku ¢lovékem usmrcenych jedincii byl pouzivan predevSim ve
starSich studiich (napt. Lovari 1974). Dnes se tato metoda vyuziva pouze v piipadé, ze existuje
jiny zdroj uhynulych jedinct (Overskaug et al. 1995, Adanez 2000). Alternativou mize byt
ziskani potravy z traviciho traktu bez usmrceni zvirete, naptiklad masazi volete u dravcu
(Errington 1932). Nicméné, tyto metody jsou na znatelném ustupu (Marti et al. 2007).
lovu (Rijnsdorp et al. 1981) nebo pii donaseni kofisti na hnizdo (Dykstra et al. 2003,
Nodeland 2013). Pomoci této metody Ize v potravé detekovat i polozky, které jsou obtizné
zjistitelné jinymi metodami. V potravé pustika obecného bylo napiiklad mozné pfimym
sledovanim stanovit podil Zizal, které nebyly zjiStény rozborem vyvrzka (Southern 1969).
Metoda je nevhodna pro studium potravniho spektra druhii s noc¢ni aktivitou a druht, které
hnizdi v uzavienych dutindch. Metodu lze také obtizné aplikovat v pritbéhu mimohnizdniho
obdobi, kdy se predatoii v krajin¢ pohybuji nepfedvidatelné (Marti et al. 2007). Nékteti autofi
metodu kombinovali se zajiSténim mlad’at na hnizd¢ (Petersen & Keir 1976) nebo zabranénim
dospélym ptaklim piedat potravu mlad’attim, naptiklad umisténim mlad’at do klece (Sulkava
1964).

V dnesni dob¢ se Casto pouzivaji automatizované metody, které nevyzaduji pritomnost
pozorovatele. Jedna se o fotopasti nebo kamery umisténé v blizkosti hnizda (napt. Lewis et
al. 2004, Lopez-Lopez & Urios 2010, Zarybnicka et al. 2011 — priloha X, Navarro-Lopez
et al. 2014, Garcia-Saldago et al. 2015). Vyhodou automatizovanych systémil je moznost
kontinualniho zaznamu z prakticky celého hnizdniho obdobi a to véetné no¢niho snimani
(napt. Huckschlag 2008) za minimalniho ruSeni hnizdiciho paru. Nevyhodou jsou pfedevsim
vysoké pozadavky na technické vybaveni a finan¢ni pokryti projektu (napt. Zarybnicka et al.
2016).

Zajimavym doplikem tradi¢n€ pouzivanych metod mize byt pouziti analyzy stabilnich
izotopti (Hobson 2011). Studie potravy orla jesttabiho (Aquila fasciata) vSak prokazala, ze
pomoci této metody nedoslo k vyraznému rozsifeni potravniho spektra, které bylo zjisténo
pomoci vyvrzkl. Autofi navic uvadéji nékteré nevyhody této metody, zejména nutnost
predchozi znalosti potravniho spektra studovaného druhu (Resano-Mayor et al. 2014).

V literature existuje hojna dokumentace k porovnani nékterych z uvedenych metod
u rtiiznych druht ptacich predatori. Obecné lze fici, ze (1) rozbor vyvrzka obvykle umozni
determinovat vice polozek do nizSich taxon nez ostatni metody, zejména v porovnani
s piimym sledovanim (Circus cyaneus: Redpath et al. 2001) nebo zaznamem z kamerovych
systému (rod Accipiter: Huang et al. 2006, Garcia-Salgado et al. 2015; rody Accipiter a Buteo:
Tornberg & Reif 2007). Totéz plati pro porovnani rozboru zbytk potravy se zdznamem
z kamerového systému. U jestfabl lesnich (Accipiter gentilis) byl za pouziti kamerového
systému podhodnocen podil velkych ptakti a nadhodnocen podil malych ptaka (Sveen 2006).
Uspokojivé vysledky v tomto ohledu piinesla u stejného druhu kombinace rozboru zbytka
potravy s dohledavanim telemetricky oznacenych jedinct (Rutz 2003). U nocnich druht
predatort nejsou metody piimého sledovani aplikovatelné. Pomoci kamerového systému bylo
u syce rousného zjisténo, ze (2) analyza vyvrzkl vyrazné podhodnotila celkovy pocet polozek
v potravé, pravdépodobné diky Casté dekapitaci drobnych savch pfed donesenim na hnizdo
(Zarybnicka et al. 2011 — priloha X). Porovnani rozboru vyvrzki a zbytkl potravy ukazalo,
ze (3) ve zbytcich potravy jsou podhodnoceny malé typy kofisti (Falco peregrinus: Oro &
Tella 1995). Zaroven byva (4) zastoupeni ptakil stanovené rozborem zbytkl potravy vyssi
v porovnani s rozborem vyvrzkl a opacny trend plati pro zastoupeni savct (napft. orel skalni
Aquila chrysaetos: Seguin et al. 1998, orel ibersky Aquila adalberti: Sanchez et al. 2008).
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1.4.5. Vliv kompetice a vybéru loveckych biotopt

V ramci syntopického vyskytu riiznych ptacich predatorti specializovanych k lovu stejné
kofisti nutn¢ dochazi k prekryvu potravnich nik. Existence pfimé ¢i nepfimé (exploatacni)
kompetice Casto vede k rozsifeni potravni niky (napf. Steenhof & Kochert 1988, Garcia &
Arroyo 2005, Skierczynski 2006, Tornberg & Haapala 2013). Naptiklad u syntopickych
kalousti usatych a sov palenych v Polsku v potravé prevladali hrabosi (kalous usaty 91%,
sova palend 67%), nicmén¢ potrava sovy palené vykazovala vyssi diverzitu predev§im diky
vysokému zastoupeni hmyzoZzravci (31%, Hetmanski et al. 2008). Skierczynski (2006)
z Polska uvadi vyrazny piekryv potravnich nik tii studovanych druht ptacich predatort.
K nejvétsim prekryviim dochazelo mezi kéni lesni a postolkou obecnou (Pianka B index 0,87),
postolkou obecnou a kalousem uSatym (0,85) a nejmensi prekryv byl zjistén mezi kani lesni
a kalousem usatym (0,74). Ze vSech tf1 druhti mél kalous usaty nejuzsi potravni niku (kalous
usaty B = 2,41; postolka obecnd B = 5,35; kan¢ lesni B = 7,45). V severnich oblastech jsou
potravni niky vSech predator pomérné uzké diky omezenému vybéru typu kofisti (B index,
postolka obecna 1,95; kalous usaty 1,21; syc rousny 1,95) a dochazi ke znaénym piekryvim
ve slozeni potravy (Korpiméki 1985a). Nejvyraznéjsi prekryv byl zjistén mezi kalousem
usatym a kalousem pustovkou (Pianka index 0,90) a sycem rousnym (0,68), piekryvy ve
sloZeni potravy postolky obecné a riznych druhti sov nebyly tak vyrazné (kalous usaty 0,49;
kalous pustovka 0,40; syc rousny 0,57).

K mén¢ vyraznym prekryviim ve slozeni potravy dochazi mezi spiSe oportunistickym
pustikem obecnym a potravnimi specialisty. V Italii byla naptiklad v potravé pustika obecného
zjisténa celkové SirSi potravni nika nez u kalouse usatého a piekryv potravnich nik byl
minimalni zejména u lesnich populaci (Pianka index 0,16). Populace z vice oteviené krajiny
vykazovaly vyraznéjsi prekryv nik (0,64), coz bylo pravdépodobné zpusobeno vybérem
podobnych loveckych biotopt (Capizzi & Luiselli 1998). Zajimavé vysledky uvadi Hirons
(1984) z intenzivné spasanych lokalit v Anglii. Béhem studia potravniho spektra postolky
obecné a pustika obecného zjistil celkove nizké zastoupeni hrabose a nornika ve vyvrzcich.
Podil jednotlivych slozek bohuzel nebyl stanoven z celkového poctu determinovanych
polozek, ale byl vyjadien podilem vyvrzka, ve kterych se dana slozka vyskytovala. Nicméng,
porovnanim potravnich spekter obou druhti se syntopickym vyskytem je ziejmé, Ze v potrave
postolky obecné se Casto vyskytovali drobni savci riiznych rodu (zejména Microtus, Micromys,
Sorex), jestérky (Lacerta) aptaci. V potrave pustika se z drobnych savcii vyskytovali nejcastéji
mysice, vzacnéji také hrabosi a nornici. Vyznamnou slozku u obou druhti predstavoval hmyz,
predevsim brouci a u postolek také motyli. Zvyseny podil hmyzu v potrave byl pravdépodobné
zpusoben nizkou abundanci hrabose i nornika na lovistich diky intenzivnimu managementu
(Hirons 1984).

Béhem let s riznou potravni nabidkou lze navic sledovat vyrazné zmény v prekryvu
nik a $if1 potravni niky ptacich predatorii. U finskych kalousii uSatych a postolek obecnych
je dokumentovan velky piekryv nik (80-95%), ktery byl jeste vyraznéjsi v letech s vysokou
abundanci hrabose na lovistich (Korpimiki 1987a). V letech s nizkou abundanci hrabose
doslo k rozsifeni potravnich nik u obou druhi, a to zejména u sousedicich part postolek
a kalousii. Alternativni kofisti byli u postolky v letech pesima hrabose zejména hmyz a
ptaci, u kalouse se jednalo piedevsim o rejsky a norniky (Korpimiki 1987a). K podobnym
vysledkam dospél také Riegert et al. (2009 — p¥iloha IV) v Ceské republice, kde u méstské
populace postolek a kalousit dominoval v potravé obou druht hrabo§ polni. V letech
s nizkou abundanci hraboSe na lovistich dosSlo ke zvySeni zastoupeni ostatnich slozek
potravy. Zatimco u kaloust usatych se v potrave zvysilo zastoupeni mysic rodu Apodemus,
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u postolek doslo ke zvySeni zastoupeni hmyzu. Pfitomnost hmyzu v potravé postolky Ize
vysvétlit denni aktivitou a zrakovou orientaci pii vybéru kofisti (Village 1990). Hmyz se
v potravé postolek navic objevuje po neuspésném utoku na drobné savce (Riegert & Fuchs
2004 — priloha VII). U kalouse s no¢ni aktivitou a sluchovou orientaci béhem lovu lze
absenci hmyzu v potravé ocekavat. Vhodnou alternativni kofisti je tedy v tomto piipadé
mysice, kterd svou aktivitu omezuje do no¢nich hodin (Halle & Stenseth 2000). V ramci
mésta se slozeni potravy mezidruhové liSilo. U postolek lovicich na periferii (Riegert et al.
2007a — priloha XI) nebyl zjiStén signifikantni vztah mezi zastoupenim hrabosSe v potravé
a vzdalenosti hnizda od centra mésta. Naproti tomu, u kalouse loviciho bézn¢ v zastavbé
(Lovy & Riegert 2013 — priloha XII) vzristal podil hraboSe v potrave s rostouci vzdalenosti
hnizda od centra (Riegert et al. 2009 — priloha IV).

1.4.6. Vliv véku a individuélni variability

Lovecké schopnosti jedince se vyviji v pribéhu zivota (napt. Csermely & Sponza 1995)
a diky tomu se mlze vyrazné¢ meénit 1 slozeni potravy. ZlepSeni loveckych schopnosti ma
adaptivni vyznam, napiiklad u mad’arskych pustiki obecnych dochazelo v pribéhu zivota ke
zlepseni schopnosti ulovit alternativni kofist, coz umoznilo starSim jedincti uspé$né vyvést
vys$$i pocet mlad’at (Sasvari et al. 2000). Costantini et al. (2005) naopak uvadi mezirocné
konzistentni rozdily ve sloZeni potravy mezi sousedicimi pary hnizdicich postolek, které
sdileji stejna lovisté. Podobné vysledky uvadi Manganaro et al. (1990) u pustikd obecnych
hnizdicich ve stejném parku v Rimg.

Individualni rozdily byly zjiStény také u zimujicich samct poStolek v urbannim
prostiedi. Samci, ktefi méli v potravé vyssi zastoupeni ptakli, neopoustéli sva nocovisté
ani béhem tuhé zimy. U téchto samcl bylo navic prokazano, ze podil ptakli v potravé byl
pozitivné korelovan s poctem dnti se snéhovou pokryvkou (Riegert & Fuchs 2011 — priloha
III). Schopnost udrzet si nocovisté v pribéhu zimy mize pfinasSet adaptivni vyhodu pro
nasledujici reprodukcéni obdobi. Samci, ktefi jsou na hnizdisti pfitomni brzy na jafe, snaze
ziskaji partnera (Village 1985) a ¢asné hnizdici pary maji zaroven vyssi reprodukcni potencial
(Beukeboom et al. 1988, Dijkstra et al. 1982, Meijer et al. 1990, Korpiméki & Wiehn 1998).
Na stejné studované lokalité bylo zaroven v pribehu hnizdniho obdobi zjisténo, ze hmotnost
samice negativné koreluje se vzdalenosti hnizda od centra mésta. U samcii nebyl zjiStén
zadny trend (Riegert et al. 2010 — priloha II). Samice postolky obecné si pfednostné vybiraji
mensi samce pro jejich vyssi lovecké kvality (Hakkarainen et al. 1996). Lepsi manévrovaci
schopnosti mensSich samci (s krat§imi kiidly) pravdépodobné zvysuji schopnost ulovit kofist
1 v troficky nepfiznivém obdobi (Hakkarainen & Korpiméki 1995). Jelikoz se nepotvrdilo,
ze by reprodukéni uspéSnost a hmotnost samct vykazovala trend se vzdalenosti hnizda od
centra mésta, je obtizné tyto vysledky jednoduse interpretovat na studovaném gradientu
urbanizace (Riegert et al. 2010 — priloha II). Nesporn¢ by bylo zajimavé tyto vysledky

ovétit v ramei veétsiho meésta.

1.5. Prostorova aktivita predatort a vybér loveckych biotopt

Rozloha domovského ¢i loveckého okrsku vykazuje zna¢nou variabilitu na vnitrodruhové i
mezidruhové Grovni a je pozitivné korelovana s t€lesnou hmotnosti. Predatofi maji navic okrsky

obecné veétsi nez omnivorni a herbivorni druhy (Schoener 1968). U ptacich predatort rozlohu
okrsku z velké miry urcuje slozeni potravy, druhy s vy$§im podilem ptékil v potravé maji
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vetsi okrsky (Peery 2000). V ramci domovskych okrskl nebyva vyuziti jednotlivych biotopt
rovnomeérné, nebot’ ne vSechny biotopy v rdmci okrsku jsou lovecky vhodné (napt. Sodhi &
Oliphant 1992, Marzluff et al. 1997, Selas & Rafoss 1999, Rutz 2006, Vlachos et al. 2014).
Prostorové vyuziti okrsku samcem a samici vykazuje vétSinou znacné prekryvy, nicméné muize
dochazet k ¢asteCné separaci lovist’ v rdmci hnizdiciho paru (Craig et al. 1988, Village 1990).

Rozloha domovskych a loveckych okrskii se méni v zavislosti na distribuci potravnich
zdroju (napt. Kouba et al. 2017) a rozmisténi jedinct v piirodé. U postolky obecné ve Skotsku
byla rozloha domovského okrsku negativné korelovana s abundanci hrabose mokiadniho
(Village 1982). Nicméng, rozlohu okrsku (1-5 km?) zaroven vyrazn¢ ovlivnila kompetice
mezi sledovanymi jedinci. V prubéhu zimniho obdobi byly okrsky hajeny jedinci, v pribéhu
hnizdniho obdobi bylo celym parem hajeno pouze nejblizsi okoli hnizda. Diky tomu dochazelo
v hnizdnim obdobi k nejvétsim prekryviim domovskych okrskti (Village 1982), coz souvisi
také ze zvySenou vnitrodruhovou agresivitou v mimohnizdnim obdobi (Wicklund & Village
1992).

V urbannim prostiedi je situace v nekterych ohledech odlisna. Pary hnizdici v centru
meést prakticky nemaji moznost hgjit lovisté, ktera se nachazeji na periferii mésta. V souladu
s predchozim zjisténim pak pary haji v hnizdnim obdobi jen nejblizsi okoli hnizda, ale rozloha
loveckych okrskii (zejména samcti, kteti zajist'uji vétSinu piinaSené potravy) se napadné zvétsuje
(az 25 km?), diky jesté vyraznéj$im piekryvim neZ u populace ve volné krajiné. Zaroven pro
urbanni prostredi plati, ze lovecké okrsky jedincli z centra jsou nékolikanasobné vétsi nez
okrsky jedinct z periferie mésta diky kompetici s rezidentnimi pary na perifernich lovistich,
ktera vede k astému stiidani lovist’ (Riegert et al. 2007a — priloha XI). Také u kalouse usatého
mohou byt lovecké okrsky urbannich part vétsi nez okrsky part z volné krajiny (Henrioux
2000). V ptipadé urbannich kaloust vsak nejsou rozdily tak vyrazné jako u postolek, nebot’
kalousi bézné lovi v zastavbé mésta (napi. Getz 1961, Lovy & Riegert 2013 — priloha XII).
Postolky 1 kalousi vyuzivaji k lovu pievazné oteviené biotopy (napi. Village 1990, Henrioux
2000), ale existuji mezi nimi rozdily ve vybéru konkrétnich stanovist. U méstskych postolek
byla zjisténa vyrazna preference ruderalnich biotopi, které se hojné vyskytuji na periferii
meésta (Riegert et al. 2007 — priloha I). Kalousi na téze lokalité preferovali porosty stromt
a predevsim jejich okraje, které zde predstavuji vyznamna refugia drobnych savct (Lovy &
Riegert 2013 — priloha XII). K podobnym vysledkiim dospéli Galeotti et al. (1997), ktefi u
kaloust v oteviené krajin€¢ zaznamenali preferenci biotopli spojenych se systémem dopravy
(stromotadi, naspy a okraje silnic).

Také u lesnich populaci ptacich predatort 1ze nalézt vyrazné rozdily ve vyuziti riznych
biotopt. Rozloha domovskych okrskii samcti syce rousného ve Finsku se ménila v zavislosti
na slozeni biotopt. S vyS$im zastoupenim smrkovych porostl klesala rozloha domovskych
okrskii. Autofi tento jev vysvétluji celkoveé vyssi potravni nabidkou a lepSim ukrytem pred
predatory ve smrcindch v porovnani s borovymi lesy a mytinami (Santageli et al. 2012).
Mladé rozvolnéné smrciny, byt neptivodniho druhu smrku pichlavého Picea pungens, byly
vhodnym biotopem k lovu také u ¢eské populace syce rousné¢ho (Zarybnicka et al. 2015a
— priloha XIII). V blizkém okoli obsazenych budek (< 25 m) byl zaznamenan vyssi podil
smrku pichlavého a smrku ztepilého nez u budek, které nebyly sycem obsazeny. Porosty
smrku pichavého na studované lokalité predstavuji vyznamny lovecky biotop pro adultni syce
rousné, coz bylo dokumentovdno pozitivnim korelatnim vztahem mezi zastoupenim mysic
rodu Apodemus v potravé a podilem smrku pichlavého v SirSim okoli budek (< 750 m). Porosty
smrku ztepilého jsou kompaktnéjsi a pravdépodobné slouzi spise vyvedenym mlad’atim jako
ukryt pted predatory nez jako lovecky biotop adultnich jedincii (Zarybnicka et al. 2015a
— priloha XIII).
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1.6. Lovecké chovani a ispésnost lovu

Prakticky vSichni ptaci predatoti vyuzivaji vice loveckych taktik. Lovecké chovani muze byt
znacn¢ flexibilni v zavislosti na nabidce potravy, typu loveckého biotopu, véku a pohlavi
jedince (napi. Schipper et al. 1975, Collopy & Bildstein 1987). U no¢nich druhti je studium
loveckého chovani obtizn¢ uchopitelné. Diky tomu bylo v rdmci studovanych druhti nejvice

studii vénovano loveckému chovani postolky obecné.

1.6.1. Lovecké usili

Celkové lovecké usili ovlivituje kombinace riznych faktorl, zejména nabidky potravy, poctu
mlad’at na hnizd¢€ a rozd¢€leni tilloh v ramci paru. Energeticka naroc¢nost letu je obecné pozitivné
korelovana s hmotnosti jedince (Masman & Klaasen 1987). U samic postolky obecné, které
jsouv praméru o 20% t€z8i nez samci, byla zjisténa signikantni negativni korelace mezi dennim
vydajem energie a podilem ¢asu, po ktery byly pozorovany na lovistich. Samice byly zaroven
na lovistich pozorovany méné Casto nez samci (Jonsson et al. 1996). Autofi se domnivaji,
ze samice pravdépodobné nebyly Casto pozorovany z divodu loveckych aktivit pro vlastni
potiebu nebo neochotou lovit za neptiznivych trofickych podminek. U samcti tento vztah nebyl
signifikantni, nebot’ samci postolek zajist'uji vétSinu potravy donesené na hnizdo (Jonsson et
al. 1996). Vysledky jsou v souladu se studii z urbanniho prostiedi ve stiedni Evropé (Riegert
et al. 2007 — priloha I), kdy samice byly na lovistich pozorovany s mnohem nizsi frekvenci
nez samci. Frekvence vyskytu samic na lovistich se zvysila pouze v letech s vyss$i abundanci
hrabose. Na rozdil od severskych populaci ve Finsku (napt. Wiehn & Korpiméki 1997), samci
postolek ve stiedni Evropé reagovali na snizenou nabidku hlavni kofisti zvySenim loveckého
usili (Riegert et al. 2007 — piiloha I). Vyznamnou roli loveckého usili samce pro tispésné
vyvedeni mlad’at dokladaji také experimentalni studie. U hnizd postolek ve Finsku, kde byla
mlad’ata experimentalné prikrmovana, doslo ke snizeni loveckého 1sili samic, ale u samct
nebyl tento rozdil signifikantni (Wiehn & Korpiméki 1997).

Rozdily v loveckém tsili mezi hnizdy s riznym poctem mlad’at jsou dokumentovany
pomoci experimentll, kdy byla do nékterych hnizd pfiddna mlad’ata a z jinych hnizd byla
naopak mlad’ata odebrana (shrnuto v Dijkstra et al. 1990). U hnizd, kde bylo mlad¢ piidano,
byl zaznamenan signifikantn€ vyssi podil tfepotani u obou rodi¢ti v porovnani s hnizdy, kde byl
pocet mlad’at redukovan (samice a samci) nebo i s kontrolni skupinou (pouze samci). Zaroven
doslo ke zvysené frekvenci pfiletu na hnizdo s kofisti (Dijkstra et al. 1990). V ptirozenych
podminkach nejsou rozdily tak napadné. U finskych postolek nebyl zjistén vyrazny rozdil
v loveckém usili (podilu tfepotani) rodi¢ti u hnizd s riznym poétem mlad’at, ale s rostoucim
poctem mlad’at se zvySovala frekvence priletti s kofisti na hnizdo (Tolonen & Korpiméki
1994). Miru loveckého usili mize v ramci aredlu rozsifeni vyrazné ovlivnit také pomér mezi
délkou dne a noci. U finskych syct rousnych byla délka doby stravend lovem béhem jedné

noci vyrazné kratsi v porovnani s populaci ve stfedni Evropé (Zarybnicka et al. 2012).

1.6.2. Lovecké techniky a uspésnost lovu

Sovy vétSinou vyuzivaji lov z posedu (pustik obecny - Overskaug et al. 1995, syc rousny -
Korpimiki & Hakkarainen 2012), u kalouse uSatého je ¢astym zpiisobem lovu nizky let nad
vegetaci, ale mliZze vyuZivat rizné lovecké techniky véetné lovu z posedu (napt. Wijnandts
1984). Postolky obecné vyuzivaji vice loveckych technik, které se 1isi energetickou
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narocnosti a primeérnou uspésnosti lovu (Rijnsdorp et al. 1981). Lze je rozdélit do dvou
je u postolek tiepotani na misté (Pettifor 1983), které dravci umoziiuje sledovat vétsi plochu
lovisté najednou (Rijnsdorp et al. 1981). Zaroven byla u tfepotani zjiSténa vyssi lovecka
uspésnost za jednotku Casu v porovnani s ostatnimi loveckymi technikami (krouzeni, lov
z vyvySen¢ho posedu a ze zem¢), zejména pii lovu drobnych savct (Rijnsdorp et al. 1981,
Masman et al. 1988). Pouziti jednotlivych loveckych technik se mize vyrazné liSit za riznych
trofickych podminek (Riegert et al. 2007 — priloha I), v prib¢hu roku i dne a za riznych
klimatickych podminek (Rijnsdorp et al. 1981, Shrubb 1982, Village 1983).

Postolky v Nizozemi pravideln¢ vyuzivaly tfepotani béhem nejvyssi aktivity hrabose,
coz vedlo ke zvysené lovecké uspésnosti (Rijnsdorp et al. 1981). Také u populace ve stiedni
Evropé dochazelo ke zvySenému vyuziti tfepotani béhem let, kdy byla abundance hrabose
na lovistich vysoka (Riegert et al. 2007 — priloha I). PoStolky vyuzivaji tfepotavy let
piedevs§im v hnizdni sezdné, kdy se zvysuji energetické naroky diky krmeni mlad’at. Existuji
vsak vyrazné rozdily mezi obéma pohlavimi. Samice vyuzivaji tfepotavy let obecné v mensi
mife a Castéji lovi z posedu, zejména v hnizdnim obdobi (Village 1983).

U postolek je navic bézné, ze ulovenou potravu uschovaji pro pozdé¢jsi konzumaci
(Rejt et al. 2000), coz vede k optimalizaci pfijmu potravy beéhem troficky neptiznivych
obdobi. Obvykle je mensi potrava poziena, sttedn¢ velka potrava donesena na hnizdo a vétsi
polozky jsouuschovany (Masman et al. 1986, Korpimiki etal. 1994). K podobnym vysledkiim
dospél také Korpiméki (1987) u syce rousného, kde uschovana potrava slouzila k pieklenuti
kratkodobé troficky nevyhodnych podminek, napt. pfi vysoké snéhové pokryvce. U part,
v jejichz blizkosti hnizdil kompetitor, byly zasoby potravy navic mensi v porovnani s pary,
které hnizdily bez ptritomnosti kompetiora coz bylo ziejmé zpiisobeno podobnou potravni
nabidkou na lokalni urovni (Korpimiki 1987). Uschovavani potravy je typické piredevSim
pro ptaci predatory v hnizdni sezéon€é. V mimohnizdnim obdobi bylo pozorovano pouze u
mensich druht, které se Casto vyskytuji v chladnych oblastech. Z dalSich druhti sov je to
predevsim kulisek nejmensi Glaucidium passerinum (Korpimiki & Hakkarainen 2012).

Klimatické podminky maji znacny vliv na vybér lovecké techniky. Postolka obecna
vyuziva trepotavy let predevsim za vétrného pocasi (Rijnsdorp et al. 1981, Village 1983,
Riegertetal. 2007b). Energetické vydaje na ttepotavy let jsou vyrazné nizsi za Cerstvého vétru
(4-12 m/s, Rijnsdorp et al. 1981), kdy postolka doslova visi nad terénem bez pohnuti kiidel
(Village 1983). Za vyssi nebo nizsi rychlosti vétru nez je optimum postolky méné ochotné
trepotaji (Rijnsdorp et al. 1981). Také teplota ovliviiuje zptisob lovu, postolky v chladn€j$im
obdobi vyuzivaji spiSe lov z posedu, coz ale pravdépodobné souvisi s vySe uvedenymi
rozdily v hnizdnim a mimohnizdnim obdobi (Village 1983). Efektivitu tiepotavého letu
negativné ovliviuji 1 dalsi klimatické faktory, naptiklad dést’ a mlha (Rijnsdorp et al. 1981).
Samotna mira pouziti tiepotavého letu vyrazné ovliviiuje jeho opétovné pouziti. Postolky
po neuspesném utoku z tiepotavého letu obvykle pouze zméni misto kde Casto opét tfepotaji
(Rijnsdorp et al. 1981, Riegert et al. 2007 — priloha I).

Klimatické faktory vyrazné ovliviiuji také loveckou aktivitu sov. U telemetricky
sledovanych kalousti uSatych byla zjiSténa nejvyssi lovecka aktivita za noci, kdy
nebyly zadné srazky, mlha nebo krupobiti. Aktivita kalousii za snézeni byla srovnatelna
s optimalnimi podminkami, coz bylo pravdépodobné zplisobeno tim, ze kalousi béhem lovu
vyuzivaji nejcasteji sluch (Wijnandts 1984). Hluk, ktery je vedlejsim produktem nékterych
klimatickych jevi, je tedy spole¢né s nabidkou potravy hlavnim faktorem determinujicim
loveckou aktivitu a Uspésnost lovu sov. U kalouse usatého a kalouse pustovky (Asio
flammeus) klesala schopnost lokalizovat kofist s experimentdlné zvySenym hlukem
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v prostfedi (Senzaki et al. 2016). U syce amerického (Aegolius acadicus) bylo zjisténo, ze
s kazdym zvySenim hluku o jeden decibel doslo ke sniZeni lovecké uspéSnosti o 8% (Mason
et al. 2016). V potraveé polskych kaloust usatych klesalo za destivych podminek zastoupeni
mysSic a vzrustal podil hraboSe. Autofi tyto vysledky vSak vysvétluji predevSim vlivem
klimatickych podminek na aktivitu kofisti (Romanowski & Zmihorski 2008).

V neposledni fad¢ Ize uvést vliv individualnich charakteristik na uspéSnost lovu.
U samcii postolky obecné a syce rousného byl zjiStén negativni vztah mezi loveckou
uspésnosti a t€lesnymi rozméry, predevsim délkou kiidla v poméru k hmotnosti (Hakkarainen
& Korpimdki 1995, Hakkarainen et al. 1996). U syce rousného bylo navic zjisténo, ze tento
vztah byl signifikantni pouze v letech nizké abundance hlavni kofisti (Hakkarainen &
Korpiméki 1995).

1.7. Reprodukéni parametry

1.7.1. Velikost sntiSky a hnizdni ispéSnost

Reprodukéni parametry studovanych ptacich predatortt vykazuji znacnou variabilitu na
geografické skale. Dale jsou ovlivnény fadou proximatnich (Meijer et al. 1990) i1 ultimatnich
(Daan et al. 1990) faktorti, napiiklad potravni nabidkou, kvalitou a stafim jedince,
nacasovanim hnizdéni, klimatickymi faktory, typem a umisténim hnizda (Plesnik 1992) nebo

hnizdni denzitou (Salvati 2001).

1.7.1.1. Geograficka variabilita

Velikost sntisky obvykle vzrista se zemépisnou Sitkou (napt. postolka obecna - Carrillo &
Gonzélez-Davila 2009, syc rousny - Korpiméki & Hakkarainen 2012). U dennich predatord,
jakym je postolka obecna, je tento trend pravdépodobné zplsoben prodluzujici se délkou
dne a tedy prodluzujici se dobou, kdy je mozné lovit kofist (Carrillo & Gonzalez-Davila
2009). Samotna délka dne vSak nevysvétluje celou variabilitu a vliv ostatnich faktorti neni
zanedbatelny, zejména pomér mezi evapotranspiraci v hnizdni sezén¢ a predchazejici
zim¢ (Carrillo & Gonzalez-Davila 2010). U sov naopak dochazi ke zkracovani noci se
vrastajici zemépisnou $itkou. VEtsi snisky u syce rousného v severnich oblastech jsou
tedy spise vysvétlovany celkove vyssi potravni nabidkou v hnizdnim obdobi (Korpiméki &
Hakkarainen 2012).

Datum sneseni prvniho vejce u postolky obecné roste o 6 dnti s kazdou zvySenou
zemépisnou Sifkou o 10° (Carrillo & Gonzalez-Dévila 2009). Délka fotoperiody v hnizdnim
obdobi, ktera je pozitivné korelovana se zemépisnou Sitkou, v§ak nevysvétluje tuto variabilitu
jako jediny faktor. Postolky hnizdi diive v oblastech s vy$§imi zimnimi a jarnimi teplotami
a niz$im jarnim uhrnem srazek (Carrillo & Gonzalez-Davila 2010). Nicméné i1 zde lze
o¢ekavat korelacni vztahy se zemépisnou Sitkou. Pocet vyvedenych mlad’at u syce rousného
je pozitivné korelovan se zemépisnou §itkou (Korpiméki & Hakkarainen 2012). U postolky
obecné tento vztah nebyl prokazan, pravdépodobné diky kombinaci vlivu dalSich faktora

(Carrillo & Gonzélez-Davila 2009).

28



1.7.1.2. Vliv potravni nabidky

Potravni nabidka je jednim z hlavnich faktort, které ovliviiuji reproduk¢éni parametry na lokalni
urovni (napi. Korpiméki 1989, Dijkstra et al. 1990, Wiehn & Korpiméki 1997). S rostouci
potravni nabidkou na lovistich je obvykle pozitivné korelovana velikost sniisky a pocet mlad’at
na hnizdé (vice druht - Lehikonen et al. 2011; syc rousny - Korpimdki 1987b; kalous uSaty
- Korpiméki 1992, Village 1981; postolka obecna - Korpiméki & Wiehn 1998, Riegert et al.
2007 — priloha I, pustik obecny - Luka & Riegert in press — priloha VI). Vzhledem k tomu,
ze je potravni nabidka obvykle korelovana se slozenim potravy (kap. 1.4.1.), byl u studovanych
druhti Casto zjistén pozitivni vztah mezi zastoupenim hlavni kofisti v potravé a reprodukcnimi
parametry (napf. syc rousny - Zarybnicka et al. 2013 — priloha V; kalous usaty - Sergio et al.
2008; pustik obecny - Roulin et al. 2009, Luka & Riegert in press — priloha VI). Nicmén¢,
hlavni kofisti se mohou lisit s geografickou pozici populace. Zatimco u syce rousného
v severnich oblastech se jedna o hrabose rodu Microtus a norniky rodu Myodes (Korpimaki
1987b), u populace ve stiedni Evropé to jsou predevsim mysice rodu Apodemus (Zarybnicka
et al. 2013 — priloha V, Zarybnicka et al. 2015 - VIII). Rliznymi zpiisoby tak mohou obé¢
populace docilit podobné miry reprodukce (Zarybnicka et al. 2009).

U ptacich predatorii se vyvinuly nékteré mechanismy, které mohou zmirnit negativni vliv
nedostatku potravy na miru reprodukce. Jednim z nich je zvySeni asynchronity lihnuti mlad’at
za soucasného snizeni velikosti snisky (brood reduction hypothesis, Lack 1954). U finské
populace syce rousného byla v obdobi nedostatku hrabose zjiSténa nizsi mira mortality u vice
asynchronnich sniiSek. Diky tomu bylo zajisténo, ze dojde k tthynu jen nékterych mlad’at a
zbytek mlad’at bude tspésne vyveden (Valkama et al. 2002). Zaroven byl v obdobi nedostatku
hrabose na hnizdo pfinasen piekvapive vétsi pocet tézsich kotisti nez v letech s vyssi abundanci
hrabose (Hakkarainen & Korpiméki 1994). U finskych postolek obecnych nebyl podobny
mechanismus prokazan, postolky v letech nedostatku hrabose sice snasely mensi sntsky, ale
mira asynchronity byla vyssi v letech s vysokou abundanci hrabose (Wiebe et al. 1998).

Dal$im mechanismem mtize byt zvySeni loveckého usili rodi¢t. Vzhledem k tomu, Ze
v severnich oblastech jsou meziroc¢ni rozdily v abundanci hlavni kofisti az 100 nasobné (Wiehn
& Korpiméki 1997), je pro ptaci predatory v téchto oblastech prakticky nemozné vyrovnat
nedostatek kofisti samotnym zvysenym loveckého usili. Ve stiedni Evropé je situace ponékud
odlisna, nebot” meziro¢ni kolisani abundance drobnych savcii nejsou tak vyraznd (napf.
Zarybnicka et al. 2015b, Zarybnicka et al. 2017a). Diky tomu nejsou naptiklad postolky obecné
nuceny Vv letech s nizsi abundanci kofisti vyrazné snizit velikost sniisky a zvysené lovecké usili
je dostatecnym mechanismem k udrzeni pomémneé stabilni miry reprodukce (Riegert et al. 2007
— priloha I).

1.7.1.3. VIiv na¢asovani hnizdéni

S postupem hnizdni sezony obvykle klesa velikost sntiSky (napi. Dijsktra et al. 1982, Village
1986, Beukeboom et al. 1988, Daan et al. 1990, Meijer et al. 1990, Korpimaki & Wiehn 1998,
Korpimiki & Hakkarainen 2012, Luka & Riegert in press — priloha VI, Zarybnicka et al.
2015b). Diky tomu je automaticky celkova reprodukcéni uspésnost pozdéji hnizdicich para
vyrazné nizs$i v porovnani s pary, které zahnizdi diive v sezon¢. Mechanismy, které ovliviiuji
tento trend, zahrnuji predevsim fyziologicka omezeni v hormonalni produkci (melatonin,
luteinizacni hormon, prolaktin) s prodluzujici se délkou dne (Meijer et al. 1990), vliv zmény
potravni nabidky (Village 1986) a kvalitu hnizdicich jedinci, kterd uzce souvisi s kvalitou
teritoria (Sergio et al. 2007a).
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Vliv potravni nabidky mtize byt komplikovany, obzvlasté v severnich oblastech. U syce
rousného ve Finsku se mira korelace mezi velikosti sntiSky s nacasovanim hnizdéni vyrazné
ménila v prubéhu pravidelnych cykli hraboSe (Korpiméki & Hakkarainen 1991). Béhem
nizké a rostouci faze cyklu hrabose tento vztah nebyl signifikantni. V letech s maximalni
abundanci byl tento vztah siln¢ negativni, ale vykazoval meziro¢ni variabilitu. Pokud byla
hnizdicim parim experimentalné pfidana potrava, vliv abundance hrabose na lovistich se
zcela vytratil (Korpiméki & Hakkarainen 1991). Vliv potravni nabidky na velikost sntsky
v kombinaci s na¢asovanim hnizdéni byl zjistén také u finskych postolek, ale mira vztahu se
neliSila mezi jednotlivymi fazemi popula¢niho cyklu hrabose (Korpiméki & Wiehn 1998).
U populace syce rousného ve stiedni Evrop¢ byla velikost sntsky a celkova mira reprodukce
(pocet vyvedenych mlad’at) mén¢ zavisla na datu zahnizdéni nez u finské populace, coz bylo
zpusobeno relativné stabilni nabidkou drobnych savcii ve stiedni Evropé, predevsim mysic
rodu Apodemus (Zarybnicka et al. 2015b). Také u populace pustika obecného ve stredni
Evropé byl zjistén pozitivni vztah mezi zastoupenim mysic v potravé a mirou reprodukce, ale
vztah mezi zastoupenim hraboSe v potravé a mirou reprodukce nebyl prokazan. Zastoupeni
mysic v potravé bylo navic negativné korelovano s nacasovanim hnizdéni (Luka & Riegert
in press — priloha VI).

Vliv kvality jedince na miru reprodukce je izce spojen s kvalitou teritoria a obéma vyse
zminénymi faktory — potravni nabidka a nacasovani hnizdéni (napi. Sergio & Newton 2003,
Sergio et al. 2017). Kvalita jedince se navic méni v pritbéhu zivota, starsi jedinci maji vyssi
reprodukcni uspésnost (Karell et al. 2009) diky jejich rozsahlejsim loveckym zkuSenostem
(Sasvari et al. 2000), zvySujicimu se reproduk¢nimu potencidlu samic v prabéhu zivota
(Newton 1986) nebo ¢asnéjSimu zahnizdéni starSich jedinct (Village 1985). Na zakladé
cetnych empirickych ditkazli o kauzalnim propojeni kvality jedince a teritoria s nacasovanim
hnizdéni je mozné povazovat datum zahnizdéni za proménnou vyjadiujici kvalitu jedince

(site-dependent model, shrnuto v Sergio et al. 2007a).

1.7.1.4. Vliv ostatnich faktoru

Z ostatnich faktori mutze reprodukcni uspé$nost ptacich predatorti ovliviiovat zejména
predacni tlak, ktery se li§i v ramci vétsich geografickych celkt, ale i na lokalni urovni mezi
jednotlivymi biotopy. Vyznamnym predatorem hnizd syce rousného v Evropé je kuna lesni
(Martes martes). Predacni tlak na hnizda syce se vSak vyrazné 1i$i v ramci Evropy. Zatimco u
finské populace je predace kunou minimalni (< 5% hnizd bylo predovano), u ¢eské populace
predstavuje vyznamny negativni vliv na pocet vyvedenych mladat (cca 25% hnizd bylo
predovéno). I pfes vysoky predacni tlak byla celkova reprodukéni Gspésnost vSech part
populace v Ceské republice vyssi nez ve Finsku, coz bylo zpasobeno vyssi hnizdni denzitou
syce v Ceské republice a stabilnimi potravnimi podminkami (Zarybnicka et al. 2015b). Mira
predace se také muze liSit v ramci lokality mezi jednotlivymi biotopy. U syce rousného
v Norsku byla predace kunou lesni nejvyssi v uzavienych biotopech (smrkové porosty), kde
kuna budky vyuzivala také k odpocinku. Disledkem toho syci méné ochotné hnizdili ve
smrkovych porostech (Sonerud 1985).

Hnizdni preference u syce rousného se mohou ménit v zavislosti na mite potencialniho
predac¢niho tlaku v pribéhu hnizdni sezény (Zarybnicka et al. 2017b — p¥iloha XIV). V okoli
budek, které byly predovany, bylo zjisténo vyssi zastoupeni listnatych porostll. Zaroven byl
u hnizd, ktera nebyla predovana, zjistén pozitivni vztah mezi zastoupenim listnatych porostt
v okoli hnizdni budky a nacasovanim hnizdéni. Syci si tedy na zacatku hnizdni sezony
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vybirali spisSe budky v jehli¢natych porostech. Budky v listnatych porostech se stavaly
vice bezpecnymi az po olisténi stroml v pozd¢jsi fazi hnizdniho obdobi (Zarybnicka et
al. 2017b — priloha XIV). Ke zvysené predaci mize dochazet v nepifimé zavislosti na
abundanci drobnych savcu (napt. Béty et al. 2001, Wilson & Bromley 2001, Ims et al.
2013). Drobni savci tvori podstatnou ¢ast potravniho spektra kuny lesni (Jedrzejewski et
al. 1993). V obdobi jejich nedostatku dochazi k preorientovani zejména na mlad’ata ptakda,
syce rousné¢ho nevyjimaje. V souladu s tim byla mira predace hnizd syce rousné¢ho kunou
lesni negativné korelovana s abundanci mySic rodu Apodemus (Zarybnicka et al. 2015¢
— priloha XV).

Vyrazné rozdily v reprodukcéni GspéSnosti byly zjiStény porovnanim urbannich
populaci s populacemi ve volné krajiné. U méstskych populaci postolky obecné v Ceské
republice byla reproduk¢ni tspésnost stabiln€ vyssi nez u populaci v oteviené krajin€ (napf.
Praha: 4,3 vs. 2,8 mlad’at/hnizdo, Plesnik 1992). Srovnatelné udaje pochézi i z mensich mést
(Ceské Budgjovice: 4,6 mlad’at/hnizdo, Riegert et al. 2007 — pi¥iloha I), rozloha mésta tedy
nemusi byt rozhodujici. Hlavnim faktorem je pravdépodobné kvalita hnizdnich pftilezitosti,
nebot” hnizdni GspéSnost postolek v uzavienych dutinach je vyssi nez na otevienych hnizdech
(Fargallo et al. 2001). Mozny vliv na zvySenou miru reprodukce miize mit také absence
velkych predatorti (napt. vyr velky Bubo bubo) ve méstech. Zanedbatelné rozdily mezi
subpopulacemi v centru mésta a na jeho periferii byly zaznamenany v Némecku (Berlin:
4,8 vs. 4,6 mlad’at/hnizdo, Kiibler et al. 2005). Ke zcela opaénym vysledkim dospéla
Sumasgutner et al. (2013, 2014) ve Vidni, kde reprodukéni tspésnost postolek vzristala
smérem z centra k periferii mésta (1,0 vs. 4,0 mlad’at/hnizdo) diky Spatnym trofickym
podminkach v centru mésta. U kalouse usatého byla v Ceskych Budg&jovicich zji§téna
podobna reprodukéni uspeésnost (2,8 mlad’at/hnizdo, Riegert 2011) v porovnani s primeérem
z oteviené krajiny (2,7 mlad’at/hnizdo, Hudec & Stastny 2005a).

1.7.2. Kondice a rust mlad’at

Rist mlad’at mize ovliviiovat cela fada faktori, zejména potravni nabidka (Wiehn &
Korpimiki 1997, Karell et al. 2009a), slozeni potravy (Navarro-Lopez et al. 2014), pohlavi
(Laaksonen et al. 2004), potadi lihnuti (Massemin et al. 2002), velikost sniisky (Costantini
et al. 2009), objem vejce (Anderson et al. 1997) nebo pocasi (Costantini et al. 2009). Riist
mlad’at je definovan tfemi zdkladnimi parametry: ristova rychlost, inflexni bod a asymptota
(napt. Starck & Ricklefs 1998).

Vliv vice vybranych faktori na parametry ristu byl studovan naptiklad u mlad’at
finskych postolek obecnych. Béhem experimentu byla vybrana mlad’ata ptikrmovana, vliv
tohoto zasahu vsak prekvapivé nebyl potvrzen u zddného z rastovych parametrii. Rozdily
byly zjistény mezi mlad’aty rizného potadi lihnuti, zejména v 19. dni po vylihnuti. Rast byl
pomalej$i u poslednich mlad’at, béhem dalsiho vyvoje se vSak hodnoty parametrii mlad’at
vyrovnavaly a pted opusténim hnizda (26. den) byly u v§ech mlad’at srovnatelné. Zaroven byl
zjistén rlizny vyvoj hmotnosti a té¢lesnych rozméri. Zatimco nartist hmotnosti ustal v 19. dni,
rust télesnych rozmért pokracoval az do obdobi vzletnosti (Massemin et al. 2002). Vzhledem
k tomu, Ze u ptacich predatort jsou samice vétsi nez samci (reversed size dimorphism, napf-.
Village 1990, Korpimiki & Hakkarainen 2012), lze ocekéavat vyrazné rozdily v ristu obou
pohlavi a 1isi se tedy také energetické vydaje pro vyvedeni samct a samic. Mlad’ata z hnizd
postolek, ve kterych byly disledkem experimentdlniho zasahu pfitomny pouze samice,
vykazovala horsi kondici nez mlad’ata z hnizd, kde byly pfitomni i samci. Rozdily byly
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napadné predevsim v roce, kdy byla abundance hlavni kofisti nizka. Autofi tento vysledek
vysvétluji vyssi kompetici v hnizdech, kde byly pouze samice (Laaksonen et al. 2004).
Rozdily v rustu jednotlivych pohlavi byly zjistény také u syce rousného (Zarybnicka et
al. 2015d — priloha XVI). Na rozdil od vySe zminéné studie u posStolky obecné (Massemin
et al. 2002) byl zjiStén vliv potravni nabidky na rist mlad’at. Behem zvysSené abundance
mysic a hrabosSe na lovistich se zvysila zejména rychlost riistu a hodnota inflexniho bodu.
Vliv potravni nabidky na asymptotu (maximalni hmotnost) nebyl prokazan. Podobn¢ jako
u ptredchozich studii byl zjistén rozdil mezi mlad’aty rtizného poradi lihnuti, maximalni
hmotnost byla nejvyssi u diive vylihlych sourozenct (Zarybnicka et al. 2015d — priloha
XVI).
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2. Souhrn

V souladu s pfedchozimi studiemi byl zjistén vliv abundance drobnych savcl na potravni
chovani studovanych ptacich predatort a u nékterych druhd (syc rousny, pustik obecny)
1 reprodukéni parametry studovanych druhli ve stfedni Evropé. Strategie jednotlivych
studovanych druhii se mohou vyrazné liSit, zejména pii porovnani populaci ze stfedni a
severni Evropy. Vyrazné rozdily v ekologii n€kterych studovanych druhti 1ze sledovat také
na gradientu urbanizace. Hlavni vysledky Ize shrnout do nésledujicich bodu:

1) Zadny ze studovanych druhii nevykazoval oproti populacim v severni Evropé numerickou
odpovéd’ na nabidku drobnych savcl. Diivodem je pravdépodobné méné vyrazné kolisani
abundance hlavni kofisti na lovistich, §irsi nabidka alternativnich kofisti ve stfedni Evropé
a/nebo dostatek kvalitnich hnizdnich pfileZitosti v urbannim prosttedi.

2) Urbanni populace se v nékterych ekologickych aspektech lisi od populaci ve volné krajiné
(napt. stabilné¢ vysoké reprodukéni tGspéSnost). Geneticka struktura urbanni a navazujici
mimom¢éstské populace poStolky obecné se vSak vyrazné neliSila. U samic byl zjiStén
negativni vztah mezi télesnou hmotnosti a vzdalenosti hnizda od centra mésta. U samct tento
vztah nebyl potvrzen. V ramci urbanni populace byli jedinci v centru ptibuznéjsi, coz milize
byt diisledkem znaéné vérnosti hnizdisti a vysokou navratnosti mladych jedincii do rodného
hnizdiste.

3) Ke stanoveni potravniho spektra je vhodné kombinovat tradicni metody s pouzitim
kamerovych systémi. Diky tomu je mozné s véEtsi presnosti stanovit pocty jednotlivych
kotisti, nebot’ zejména drobni savci byli u syce rousného pied donesenim na hnizdo Casto
dekapitovani. Proto byly jejich pocty za pouZiti metody rozboru vyvrzk podhodnoceny.

4) Slozeni potravy studovanych druhti do zna¢né miry odrazelo abundanci drobnych savcii na
lovistich. Hlavni kofist se vSak liSila mezi jednotlivymi druhy. V potravnim spektru denniho
predatora (poStolky obecné) a jednoho z nocnich predatort (kalous uSaty) dominovali
hrabosi rodu Microtus. U pustika obecného a syce rousného Ize v potravé nalézt také rizné
zastoupeni hrabose, nicmén¢ celkové slozeni potravy ovliviluje abundance mySic rodu
Apodemus, které jsou diky no¢ni aktivité¢ vhodngjsim typem kofisti. Podil mySic v potraveé
pustika obecného klesal v prubehu sezony.

5) U v8ech studovanych druhti béhem nedostatku hlavni kofisti vzriistal podil alternativnich
slozek potravy. Alternativni kofisti byl u poStolky obecné predev§sim hmyz (Carabidae,
Orthoptera). V. mimohnizdnim obdobi bylo sloZeni potravy postolky obecné ovlivnéno
sné¢hovou pokryvkou, alternativni kofisti byli pfedevS§im ptaci. U syntopickych kalousi
uSatych se v potravé v obdobi nedostatku hraboSe zvySoval podil mySic. Syc rousny
vyuzival jako alternativni kofist zejména hraboSe, rejsky rodu Sorex a ptaky. Zastoupeni
ptaki (zejména pénkavy obecné) se v potraveé syce zvysuje s rostouci nadmotskou vyskou.
U pustika obecného 1ze v obdobi nedostatku mysSic sledovat zvySené zastoupeni ptaka a
hmyzoZravci.

6) ZvySené lovecké Usili miZe zmirnit negativni vliv nedostatku hraboSe na lovistich.
Postolky obecné v letech s nizkou abundanci hraboSe travily na lovistich vice Casu. Zaroven
lovici jedinci vyuzivali energeticky méné narocné techniky lovu, podil tfepotani se zvysil
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v letech s vyssi abundanci hrabose. Diky zvysené kompetici o hlavni kofist na lovistich také
dochazelo k jejich castému stiidani. Zvysené lovecké usili tedy predstavuje na rozdil od
severnich populaci dostacujici mechanismus, ktery ptispiva k optimalizaci slozeni potravy i
béhem troficky mén¢ vyhodnych podminek.

7) Mechanismus, ktery umoznuje koexistenci predatori se stejnou potravni specializaci,
byl studovéan u syntopickych postolek obecnych a kalousti uSatych v urbannim prostiedi.
Urbanni postolky obecné k lovu vyuzivaly zejména lovisté na periferii mésta. Diky tomu
byly jejich lovecké okrsky vyrazné vétsi v porovnani se studiemi z oteviené krajiny.
Rozloha okrsku nebyla ovlivnéna nabidkou hrabose, ale umisténim hnizda v rdmci mésta.
Ke zvétSovani okrskli vyrazné prispéla i kompetice s pary hnizdicimi na okraji mésta (viz.
piedchozi bod). Kalous usaty naopak v urbannim prostiedi Casto lovi pfimo v zastavbé, kde
vyuziva predevsim okrajové biotopy. Separace lovist tedy vyrazné pfispéla ke zmirnéni
vlivu nepiimé kompetice mezi dennim a no¢nim predatorem.

8) Reprodukéni parametry se u postolky obecné v urbannim prostiedi béhem let pfilis
neménily a nebyly korelovany s nabidkou hraboSe. Ke stabilni reprodukci piispélo zvysené
loveckeé usili v letech s nizkou abundanci hraboSe a dostatek kvalitnich hnizdnich ptilezitosti.
Reprodukcni parametry syce rousného a pustika obecného byly pozitivné korelovany
s abundanci mysic na lovistich. U pustika obecného byl ovéien negativni vztah mezi mirou
reprodukcnich parametri a nacasovanim hnizdéni.

9) Ristové parametry byly ovlivnény abundanci drobnych savcti. Konkrétné€, rychlost ristu
a inflexni bod byly u syce rousného pozitivné korelované s abundanci hrabosii a mysic.
Z dalsich faktora, které ovliviiuji rastové parametry, lze uvést pohlavi a poradi mladéte
béhem lihnuti.

10) Predacni tlak maze vyrazné ovlivnit vybér hnizdisté a to 1 v prabéhu hnizdni sezény. Syci
rousni si na zac¢atku hnizdni sezony vybirali spiSe budky, které byly umistény v jehli¢natych
porostech. Budky v listnatych porostech byly bezpecné az po olisténi stromt v pozd¢jsi fazi
hnizdniho obdobi. Optimalnim biotopem pro lov i1 zahnizdéni syce rousného je v naSich
podminkach mozaika hustych a rozvolnénych lesnich porostti, kdy rozvolnéné porosty jsou
vyuzivany k lovu a husté porosty poskytuji ochranu pied predatory.

11) Neptimy vliv abundance drobnych savct na populace riznych druhti je pravdépodobné
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lesni, kterd je zaroven predatorem hnizd syce rousného. Mira predace hnizd syce rousné¢ho
kunou lesni byla negativné korelovéana s abundanci mysic.
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Capsule In years with low vole abundance birds visited hunting grounds more frequently and for
longer.

Aims To describe diet composition, hunting behaviour, habitat choice and reproductive success of urban
Kestrels during changing vole abundance.

Methods For five years, we studied the hunting effort of Kestrels in a medium-sized city during the
breeding season. Pitfall traps were used for determining vole abundance. Kestrel diet composition was
determined from pellet analyses. The number of eggs and offspring was recorded during at least two
consecutive visits for each nest and each breeding stage.

Results In contrast to larger European cities, the Common Vole Microtus arvalis was a key part of the
Kestrels' diet and did not fluctuate significantly according to vole availability. Reproductive success was
quite high and stable throughout years with different vole abundance. In years of low vole abundance,
the arrival frequency at hunting grounds and time spent there increased. During years with a low vole
population, Kestrels had less hunting success and the rate of successful visits decreased. Therefore,
Kestrels probably had to change hunting grounds more frequently. During low vole years Kestrels used
less demanding techniques, e.g. perching, despite the lower success of these hunting techniques, to avoid
extremely high energetic costs.

Conclusions An increase in hunting helps to maintain a proper diet and consequently reproductive
success. Vole abundance did not change dramatically during the study period, as reported by studies
from western and northern Europe. The proportion of ruderal habitats on the city periphery is higher than
in more monotonous farmland habitats. Ruderal habitats can be important when Kestrels look for
mammals other than voles, especially during vole scarcity.

The reproductive output of small-mammal-eating
raptors usually decreases during a food shortage. The
greatest between-year differences were found for Long-
eared Owl Asio otus (Korpimiki 1992) and Eurasian
Kestrel Falco tinnunculus (Korpimiki & Rita 1996) in
northern Europe, where the population of small
mammals is cyclic (Hansson & Henttonen 1985). As
there are no regular three-year prey cycles in temperate
latitudes, large non-cyclic multi-annual changes of small-
mammal abundance are observed (Tkadlec & Stenseth
2001) and the reproductive output of farmland mammal-
eating raptors changes (Plesnik 1992, Salamolard et al.
2000). The most obvious reactions of raptors to food
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shortages are (1) moving to areas with a higher abun-
dance of prey, especially in northern latitudes (Korpiméki
19854, 1985b), and (2) expanding diet to alternative prey
(Korpimaki 1986, Reif et al. 2001).

The Eurasian Kestrel is a small raptor that feeds
primarily on small mammals, particularly on voles
Microtus spp. in central and northern Europe
(Korpimiki 1986). Among the raptors, Kestrels have
colonized European cities most successfully. Urban
Kestrels have an excellent opportunity to feed on birds,
as their availability does not usually change markedly
between years. Studies of urban Kestrels in large
European cities usually show a high proportion of birds
in the diet (Beichle 1980, Darolovda 1986, Plesnik
1992, Romanowski 1996, Witkowski 1962, Yalden
1980).



354  J. Riegert et al.

We studied the diet composition of Kestrels in the
medium-sized city of Ceské Bud&jovice from 1997
(Riegert & Fuchs 2004). In comparison with large
European cities, the number of Kestrels was low and did
not fluctuate according to vole availability. Voles were
always the main prey. Reproductive success was quite
high and stable in spite of years with different vole
abundance. This observation leads to the question:
how do Kestrels from Ceské Bud&jovice buffer against
vole scarcity? We propose that changes in hunting
behaviour help to maintain the hunting yield, conse-
quently keeping a high level of reproductive success.
Our hypothesis is that during vole scarcity: (1) Kestrels
spend more time on hunting grounds; (2) Kestrels
employ less energetically demanding hunting tech-
niques; and (3) females hunt more frequently.

METHODS

Study area and Kestrel population

We studied an urban population of Eurasian Kestrels in
the city of Ceské Bud&jovice (49°N, 14°E, area 30 km?,
human population 100 000), in the southern part of the
Czech Republic. We estimated the numbers of breeding
pairs during the study period to be 36 (1999), 37
(2000), 35 (2001), 36 (2002) and 34 (2003). Kestrels
bred both in the city centre and its periphery, usually
within loft-windows, holes or boxes on buildings.

The hunting grounds are situated outside the devel-
oped area of the city, 2-5 km from the city centre. The
hunting grounds were mostly meadows (36%), cereal
fields (35%) and ruderal habitats (19%). The remain-
der (10%) consisted of alfalfa, rape and cornfields. The
proportion of each habitat was estimated each year
from detailed mapping of the city surroundings within
a radius of 6 km from the centre. The proportion of
habitats did not change markedly between years (less
than 3% of any habitat). Ruderal habitats were defined
as long-term abandoned areas with mainly Cirsium,
Rumex and Calamagrostis species growing and with tall
vegetation cover (up to 1.5-2 m).

Trapping of small mammals

We assessed the availability of small mammals during
the years 1999-2003. We used 100 pitfall traps (plastic
bottles with a cut neck and 2-litre capacity) each year.
These traps were installed on ten Kestrel hunting
grounds (ten traps per hunting ground made up a trap
line) in the second half of July. The timing of trapping
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was determined by the approximate end of the
breeding season, when the last Kestrel chicks were
fledged. The traps were filled with a 4% fusion of
formaldehyde and exposed for 17 days. The trap lines
were placed in two types of vegetation cover: meadow
(six lines) and ruderal (four lines). The trapping effort
was 1700 trap-nights each year.

Reproductive output

The numbers of eggs and offspring were recorded
during at least two consecutive visits per nest and for
each breeding stage (incubation, hatching and chick
rearing).

Diet composition

After fledging, we collected food remains and pellets
from the nests to determine the diet composition. We
identified 1446 prey items from 46 nests. The material
was dried and all feather remains were characterized.
The remaining material was dissolved in a solution of
NaOH (Schueler 1972). Small mammals were identi-
fied from skulls according to the method of Andéra &
Horacek (1982); birds were identified from beaks and
humeri using a reference collection. Remains of insects
were sorted into categories of similar size, morphology
and colour. Further information is available in Riegert

& Fuchs (2004).

Hunting behaviour

In total, more than 35 hunting grounds were visited
each breeding season, from the beginning of May to
mid-July, with a total of 137 visits (mean * sd per year,
28 + 15 visits). A visit involved 30-90 minutes of
observation on a hunting ground, totalling 186 hours of
observations (mean * sd per year, 37.0 + 0.7 hours).
Observations started at the beginning of chick rearing
(according to the first date of hatching). The factor day
in the season (consecutive day number after start of
chick rearing in the population) was balanced to the
first hatching date. Observations were conducted on
rainless days.

We gathered data on 666 hunting Kestrels
(pseudoreplications included), which performed a total
of 7003 hunting events. According to the results of a
parallel study on wing-tagged Kestrels (Riegert et al.
2007), we believe that the mean number of Kestrels
observed was at least 35 individuals each year (35% of
observations each year refer to wing-tagged Kestrels, n



= 57 tagged male Kestrel). Therefore, pseudoreplica-
tions did not represent the main source of variability.

A hunting event was defined as the continuous use of
any hunting technique that concluded with an attack
or movement to another place. We distinguished four
categories of hunting techniques according to Village
(1983): (1) hovering; (2) perching, typical after
unsuccessful long-term hovering (unlike Village (1983)
we included only perching that terminated with a
ground attack to eliminate inactive perching); (3)
hunting from ground was restricted to short-cut alfalfa
fields, where entrances to rodent burrows are easily
recognizable (Kestrels walked among burrows, often
waiting by the entrance); (4) hunting by low flight resem-
bles Sparrowhawk Accipiter nisus foraging behaviour, in
which the Kestrel surprised the prey (usually birds in
scrubs or on field).

Hunting success

Hunting success was measured as a proportion of
successful strikes from all those made. We considered
a strike to be a hunting action that was followed by
immediate landing. A successful strike was defined as
when the observer saw vertebrate prey being carried
off. Insect prey is usually eaten immediately (Village
1983, Riegert & Fuchs 2004) and could be overlooked
when carried. In total, we recorded 514 strikes (both
from hovering and perching) or hunting on the
ground.

Statistical analysis

Multivariate data on diet composition and hunting
techniques were analysed using redundancy analysis
(RDA, cANOCO for Windows software, Braak &
Smilauer 1998) and visualized in CANODRAW (Smilauer
1992). The percentages were log-transformed, and
statistical significance was computed using Monte-
Carlo P-tests with unrestricted permutations. The
annual changes of reproductive output were compared
using Kruskal-Wallis median tests (STATISTICA 5.0,
Statsoft, Inc. 1996), with Bonferroni correction. The
preference of hunting habitats was analysed using
Ivlev’s preference index (Jacobs 1974). The availability
and use of each habitat was expressed as the proportion
of time spent by the observer and Kestrels in each
habitat. We also computed Spearman rank correlations
between vole abundance, diet composition, repro-
ductive parameters and Ivlev’s preference index,
respectively. Other results were obtained using general-
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ized linear models (GLM, MathSoft, Inc. 1997), with
forward selection of factors according to Mallows’ Cp-
statistic (Mallows 1973). According to the data
distribution of dependent variables, we used Poisson,
binomial, gamma or quasi-likelihood models, with
relevant link functions (McCullagh & Nelder 1989).

For all parameters of hunting behaviour, we tested
the influence of these factors: year, hunting habitat
(meadows, cereals, ruderals and others), day in the
season (according to first observation date for each sea-
son separately) and sex of the individual. For hunting
success, we also tested the type of hunting technique
(see above). Factor year was used instead of direct
pooled vole abundance, because of possible pseudo-
replication within each year data (for each year we
gathered single pooled vole abundance only). The
relationship with vole abundance was probed by
Spearman rank correlations between pooled vole abun-
dance and mean dependent variable values (n = 5
years). We used pooled numbers of caught voles for
each year, because the exact correlation of a hunting
ground to a particular trap-line was not possible. This
occurrence was caused by rapid changes of main
habitat types during hunting, even within small areas.
The factor day in the season was positively correlated
with vegetation height (r, = 0.23, P < 0.05). Therefore,
we included the day in the season into GLM analyses
only. Wind conditions (0 = calm, 1 = slight, 2 =
medium, 3 = strong) were used as a co-variate.

For most analyses, a data unit was represented with
one observed individual (pesudoreplications included,
n = 666). For frequency of arrivals, we used one day of
observation as a data unit (n = 149). In the case of
hunting success, we used either separate strikes (n =
514) or visits (n = 666) as data units.

RESULTS

Vole abundance

In total, we trapped 221 Common Voles Microtus
arvalis out of 307 mammals caught (72%). Other
mammals were less abundant: Shrews Sorex minutus
and S. araneus (23%), Harvest Mice Micromys minutus,
Field Mice Apodemus sp. (4%) and White-toothed
Shrews Crocidura suaveolens (1%). The highest number
of voles caught was recorded in 2002 (Fig. 1a), a peak
vole year. In 2000 and 2003, vole abundance reached
minimum values. The change of vole abundance
during the years was significant (GLM, Table 1, Fig. 1a).
Vole abundance was significantly higher in
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Figure 1. (a) Total number of voles caught per year; (b) time spent on hunting grounds; (c) success of strikes; (d) frequency of arrivals at hunting
grounds; (e) success of visits; (f) hovering rate. For box-and-whisker plots: small square, median; box, 25-75% of data; whiskers, non-outlier range.

ruderals in comparison with meadows (Table 1).
During the years with high vole abundance, values
were markedly higher in ruderals. During low or
medium vole years, vole abundance in both habitats
was similar (Table 1, Fig. 2).

Diet composition

The Common Vole was frequently brought to the nest
in all five years (Table 2). Its proportion by numbers
changed between years, partly according to vole avail-
ability. The vole proportion within the biomass was
stable, decreasing only in the year 2003 (low vole year),
when the biomass proportion of other mammals (Sorex
sp., Micromys minutus) increased. However, during the
first low vole year (2000), the proportion of voles
within biomass was comparable with other years. The
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proportion by numbers of ingested insects (mainly
small Carabidae and Tettigoniidae) was negatively cor-
related with vole availability (r, = -0.75, P < 0.05, n =
5). However, these changes were negligible relative to
the biomass. The proportion of birds (Sparrows Passer
sp., Blackbirds Turdus merula and tits Parus sp.) was the
most stable diet component throughout the research
period (Table 2). The impact of vole abundance to
changes in diet composition by numbers was indicative
(RDA, Monte Carlo permutation test, F = 3.06, P =
0.07), while not being significant relative to the bio-
mass (RDA, I and II axes 93.1%, Monte Carlo
permutation test, F = 0.46, P = 0.13).

Reproductive output

Reproductive parameters changed slightly during the



Hunting behaviour in urban Kestrels

357

Table 1. Statistical analysis of changes of vole abundance, frequency of arrivals at hunting grounds, time spent on ground, hunting success

and hovering rate of Kestrels.

Dependent variable Model type Independent variable df Explained variability (%) B P
Vole abundance Poisson year 45 33.21 - 0.0001
habitat 44 5.20 a 0.0268
year * habitat 40 3.81 - 0.0312
Females per hour quasilikelihood  year 144 1.03 - 0.0910
Males per hour quasi-likelihood  year 144 2.15 - 0.0421
Spent time (min) gamma year 661 8.4 - <0.0001
day in season 660 1.15 -0.32 0.0123
Strike number Poisson year 661 1.47 - 0.1018
Strike success binomial technique 510 7.05 b <0.0001
year 506 1.22 - 0.0497
Visit success binomial year 661 5.55 - <0.0001
Hovering rate (%) gamma year 661 7.60 - <0.0001

GM, forward selection. For hunting data we used wind condition (0-3) as a co-variate. “Vole abundance was higher on ruderals. "Hovering

was the most successful technique.

study period (Table 3). A significant decrease of egg
numbers was recorded in the second lowest vole year
(2003), but not the first (2000). The lower mean para-
meters of reproduction in 2003 were caused by a low
mean egg number laid, rather than chick loss. The
mean number of eggs and hatchlings increased in
response to vole abundance positively (r, = 0.64, P <
0.05 and r, = 0.61, P < 0.05 respectively, n = 5 years),

median ¢ ruderals
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Figure 2. Index of vole abundance (voles/trap) in ruderals and
meadows (1999-2003). A data unit is represented by a trap (n =
500).

but the mean number of fledglings and total reproduc-
tive output did not show any relationship to vole

abundance (r, = 0.26, P > 0.1 and r, = 0.11, P > 0.2

respectively, n = 5 years).

Hunting habitats

The values of Ivlev’s preference index randomly shifted
throughout the years. The only trend was a decreasing
avoidance of meadows. Ivlev’s preference index did not
significantly change for any habitat in relation to vole
abundance (Table 4). The strongest positive correla-
tion was found for ruderals.

Hunting effort

We analysed the frequency of male and female arrivals
to hunting grounds and time spent there by an individ-
ual. The mean frequency of arrivals changed
significantly among years for males, but was indicative
for females only (GLM, Table 1, Fig. 1d). For both sexes,
it was negatively correlated with vole abundance, but
significant for males only (males, r, = -0.71, P < 0.05;
females, r, = —0.18, P > 0.05). The highest number of
hunting males and females was recorded in both low
vole years (2000 and 2003), as well as the peak vole
year 2002. The time spent by an individual on a hunt-
ing ground changed significantly among years (Table 1)
and its mean was negatively correlated with vole abun-
dance (r, = -0.68, P < 0.05). In low vole years, the time
spent on a hunting ground increased significantly (Fig.
1b). The number of strikes per visit changed among

years indicatively (Table 1), increasing in low vole
years (r, = -0.12, P > 0.05).

© 2007 British Trust for Ornithology, Bird Study, 54, 353-361
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Table 2. Diet composition of Kestrels (n = 46 nests).

Category Year Voles Other mammails Birds Insects Total
Number (n (%)) 1999 355 (80.1) 5(1.2) 18 (4.2) 64 (14.2) 443
2000 99 (73.1) 0 (0.0} 7 (4.9) 30 (21.9) 136
2001 234 (68.2) 8 (2.3) 8 (2.3) 93 (27.1) 343
2002 267 (88.7) 1 (3.7) 7 (2.3) 16 (5.3) 301
2003 164 (73.5) 15 (6.7) 13 (5.8) 31 (13.9) 223
total 1119 39 53 234 1446
Biomass (g (%)) 1999 7809 (95.4) 88(1.1) 276 (3.4) 13 (0.2) 8186
2000 2187 (95.3) 2(0.1) 100 (4.4) 6 (0.3) 2296
2001 5148 (94.9) 136 (2.5) 120 (2.2) 19 (0.3) 5423
2002 5874 (95.2) 187 (3.0) 105 (1.7) 3(0.1) 6169
2003 3608 (88.8) 255 (6.3) 195 (4.8) 6(0.2) 4064
total 24 626 668 796 47 26 138

Table 3. Mean parameters and statistical analysis of reproductive
output of Kestrels.

Number
Year Eggs Hatchlings  Fledglings ~ Losses  of nests
1999 5.77 5.31 5.00 0.77 13
2000 5.89 5.33 5.00 0.89 9
2001 5.56 5.32 4.22 1.33 9
2002 5.80 5.60 4.90 0.90 10
2003 4.67 4.36 3.82 0.78 11
H 14.31 12.30 9.12 1.62
P 0.0064 0.0152 0.0583 0.8046

Kruskal-Wallis median test, n = 52 nests, critical Pvalue after
Bonferroni correction was set at 0.0125.

Table 4. Values of Ivlev’s preference index for main habitat types
and Spearman rank correlation values in relation to vole abun-
dance.

Meadows Cereals Ruderals Others
1999 -0.66 0.25 0.29 -0.39
2000 -0.57 0.00 0.04 0.37
2001 -0.18 0.66 0.21 -0.43
2002 -0.06 -0.27 0.23 0.23
2003 -0.01 0.20 -0.18 -0.30
r, 0.21 -0.56 0.62 0.24
P >0.05 >0.05 >0.05 >0.05

Hunting success

Hunting success was analysed in two ways: success of
each separate strike and success of individual visits (for
both 0-1 distribution). In the first case, we added a
strike-type factor: those made from hovering and
perching, hunting on the ground and hunting by low
flight. The success of separate strikes and visits both
changed significantly among years (Table 1) and
annual values were positively correlated with vole
abundance (strike success, r, = 0.94, P < 0.05; visit suc-
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cess, 1, = 0.97, P < 0.05), the highest success being
recorded during the peak vole year (Fig. lc,e).
Individual strike success was dependent on strike type
(Table 1): the highest success was recorded in hovering
(42.4%), followed by perching (33.3%), hunting
on the ground (14.4%) and hunting by low flight
(9.9%).

Hunting techniques

Vole availability affected the use of hunting techniques
(RDA, I and II axes explained 82.3% of variability).
During the peak vole year, we recorded the highest pro-
portion of hovering (RDA, Monte Carlo permutation
test, F = 0.15, P = 0.05). In the rest of the years, the
proportion of other techniques increased. The propor-
tion of hovering was clearly negatively correlated with
the proportion of perching, and also with hunting on
the ground (Fig. 3). Hunting by low flight was not
correlated with other hunting techniques (Fig. 3), but
a partially negative correlation was found with vole
abundance. The proportion of hovering, the most
energetically demanding technique, changed signifi-
cantly among years (Table 1). It was positively
correlated with vole abundance (Fig. 3, see also Fig. 1f).

DISCUSSION
Vole fluctuation

During the five years we recorded both peak and low
phases in the abundance of the Common Vole. In low
vole years its summer abundance was 24.0% of that in
the peak year. The differences are less pronounced in
comparison with northern latitudes and western Europe:
spring in Scotland 7.0% (Village 1986), Finland 0%
(Korpimiki & Wiehn 1998); summer in Siberia
(Potapov 1997) and France (Salamolard et al. 2000) 0%.
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Figure 3. Projection scores of recorded hunting types (from per-
centages) of Kestrels (1999-2003) related to pooled vole
abundance. RDA, | and Il canonical axes explain 82.3%. Monte
Carlo permutation fest, P = 0.05.

Plesnik (1992) also found a more pronounced decrease
in spring (0.1%) and autumn (4.5%) of abundance in
the agricultural regions of the eastern Czech Republic.
According to our results, these slight changes in abun-
dance may not simply be due to the existence of vole
refuges (i.e. ruderals), because vole abundance in ruder-
als and meadows was similar during low vole years.

Diet composition

During low abundance of Microtinae rodents, the
proportion of alternative prey in the diet increases in
many vole-eating raptors (Korpimiki 1985a, 1986).
Various birds, mammals or invertebrate species can be
substituted for voles (Finland, 4% during peak vole
years versus 22% during low vole years, Korpimiki
1985a), shrews (Scotland, 10% versus 55%, Village
1982) and insects (UK, 50% versus 90%, Yalden &
Warburton 1979). Birds are taken as the common alter-
native prey in urban locations, the highest proportion
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being found in large cities (Korpimiki 1985a).
Surprisingly, no study reports changes in the proportion
of birds in the diet depending on vole abundance in
urban areas. Plesnik (1992) noted annual fluctuations
(32-48%), but had no data on vole availability on the
city periphery.

In Ceské Budgjovice, the proportion of voles in the
diet by biomass was stable during the study period. We
recorded a slight decrease only during one low vole
year, when the proportion of other mammals increased.
The proportion of voles by number changed according
to their abundance indicatively. However, alternative
prey was represented by insects that were negligible
within the biomass (Riegert & Fuchs 2004). In spite of
the high availability of birds in the city, their propor-
tion as prey was not only very low, but also stable
during the vole cycle (2.3-5.8% by number). It is quite
a different situation in a large city. Vole availability in
the city centre is permanently very low (Cihdkovd &
Frynta 1996), therefore birds are a constant high
proportion of the Kestrels’ diet.

Reproductive output

[t is generally accepted that the breeding success of
vole-eating raptors depends on food availability
(Korpimiki 1986). A significant decrease of repro-
ductive output during poor vole years was found in
Kestrel populations in Norway (3.7 versus 2.8
fledglings/nest, Hagen 1952) and Finland (5.0 versus
2.4 fledglings/ nest, Korpimiki & Rita 1996). A
notable part of these differences is due to clutch size
reduction; the rest of the nest loss is due to higher
mortality of chicks during a period of vole scarcity.
Plesnik (1992) also found marked changes of repro-
ductive output in agricultural land in the eastern Czech
Republic (4.3 versus 2.8 fledglings/nest). The output of
Kestrels in Prague (Plesnik 1992) was more stable
during the study period (4.1 versus 3.7 fledglings/nest),
explained by a lower dependence of the Kestrels on
vole prey. However, data on vole abundances were not
included. In spite of the very low proportion of birds in
the diet of our Kestrels, the overall reproductive success
remained stable during the years, similar to the results
of Plesnik (1992). The decreased fledgling number in
2003 was caused by the small number of eggs laid and
not by losses of chicks during rearing.

Kestrel behaviour and vole fluctuation

Changes in the hunting behaviour during the vole
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cycle were pronounced. Hunting effort increased
during low vole years, particularly the arrival frequency
at the hunting ground (significant for males and indica-
tive for females) and time spent there. These results
could be indirect evidence that a longer time spent on
the hunting ground compensates for a lower number of
hunting opportunities in low vole years. The prolonged
time spent at the hunting grounds does not buffer
against vole fluctuation by itself. During low vole years,
visit success rates decreased. Therefore, Kestrels
probably had to change hunting grounds more
frequently, as shown by an increased arrival frequency
in low vole years.

The indicative increase of strikes during years with
lower vole abundance gives indirect evidence that
Kestrels also hunt on less profitable (i.e. smaller) prey.
These results agree with Laaksonen et al. (2004), who
found that prey delivery during low vole years was
higher than in peak years, but prey biomass was still
higher during peak vole years. Indirect evidence of
smaller prey caught during vole scarcity gives an
increased proportion of other smaller mammals
(shrews, Harvest Mice) in the diet of our Kestrels in the
year 2003.

An increased hunting effort would increase the
energy costs to an unprofitable level. Therefore, our
Kestrels use less demanding techniques during low vole
years, such as perching (Pettifor 1983), despite the
lower success rate of these hunting techniques.

Changes of hunting behaviour of Kestrels in Ceské
Budéjovice in low vole years buffered against vole
scarcity to such a degree that greater losses of repro-
ductive output were prevented. We do not consider an
effect of numerical response, because of the similar
number of breeding pairs despite different vole
availability during the study period. Similarly, there
was no significant preference for any habitat during low
vole years; preference for ruderals was indicative only.

To date, increased hunting effort has been studied
only sporadically as a potential mechanism for buffer-
ing against vole scarcity. Unlike our results, Wiehn &
Korpimiki (1997) report the consistent hunting effort
of Finnish farmland Kestrels in years with different vole
abundance. The increase of foraging effort during
scarcity of the main prey was documented in skuas
Catharacta sp. (Klomp & Furness 1992, Hamer et al.
1991). However, in these cases, reproductive output
decreased dramatically.

The ability to increase hunting effort on manipulated
brood size has been recorded many times (reviewed by
Dijkstra et al. 1990). Usually, with an increased number
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of chicks, hunting effort also increased. However, a
study that included the availability of voles did not
record a significant increase of hunting effort during
low vole years (Wiehn et al. 2000).

The mechanism we found for buffering against vole
fluctuations is not common in vole-eating raptors. The
explanation as to why our results are contrary to other
studies suggests the following questions.

1. How do the Kestrels in Ceské Budé&jovice success-
fully buffer against vole fluctuation? The crash in vole
abundance in our study area is less pronounced
compared to other studies. Vole abundance even during
low vole years still allowed our Kestrels to hunt
effectively. Furthermore, during low vole years Kestrels
indicatively increased their preference for ruderals.
These habitats were probably the main source of other
mammals (e.g. shrews, Harvest Mice), whose propor-
tion increased indicatively in the diet of our Kestrels
during the low vole year of 2003. The surroundings of
cities differ from farmlands in the occurrence of more
numerous and diverse hunting habitats, which also
contain ruderals. We propose that our Kestrels have a
better chance to locate such habitats than Kestrels
from a more monotonous farmland landscape.

2. Why did the diet of our Kestrels not expand to
birds in low vole years? The diet expansion described
by other studies is not connected with a change in
hunting habits (Korpimiki 1986). Raptors visit a fixed
hunting ground, where they look for the main prey. If
that prey type is not available, they attack an alter-
native one. Our Kestrels exhibited the same type of diet
expansion. However, insects and not birds were the
alternative prey. Furthermore, our Kestrels hunt in the
surroundings of the city (J. Riegert et al. unpubl. data),
and the available bird prey are mainly inside the city.
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Abstract We tested the genetic and ecological differ-
ences between neighbouring urban and rural populations of
common kestrels (Falco tinnuculus) in southern Bohemia.
The aims were to (1) assess the genetic variability of the
studied kestrel populations using microsatellite markers,
(2) check the genetic relatedness of individuals within the
urbanization gradient, and (3) compare possible gradients
of body characteristics and reproductive parameters on the
urbanization gradient. The mean expected allelic poly-
morphism did not differ among the studied populations,
which were not genetically separated (Fgr = 0.0003,
P = 0.781). Also, an individual assignment test did not
show a separation of these populations. Urban kestrels that
bred in the city centre were indicatively more related than
others, and no relationship was found in the rural kestrel
population. Kestrel females were heavier towards the city
centre, but males did not show this relationship. Nest dis-
tance from the city centre had no significant effect on any
of the tested reproductive parameters. Our results do not
support the notion of genetic differentiation between rural
and urban kestrels, but revealed trends in body
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characteristics and genetic relatedness along the urbaniza-
tion gradient.
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Introduction

Among raptors, the common kestrel (Falco tinnunculus)
has most successfully colonized European cities (e.g.,
KuzZniak 1996; Luniak et al. 2001; Fuchs et al. 2002;
Weissmair et al. 2002). Consequently, their ecology has
changed in several aspects. The density of urban kestrels is
higher than that of rural populations (e.g., Salvati et al.
1999; Plesnik 1992). The reproductive success of kestrels
in cities is more stable over time compared to rural popu-
lations, e.g., Prague versus Eastern Bohemia (Plesnik
1992). The choice of nest site has changed as well, since
rural kestrels usually use abandoned corvid nests (Prokop
2004), while urban birds prefer semi-closed holes on
buildings, e.g., loft-windows (Darolova 1992; Wassmer
2001; Riegert 2005). The breeding success of kestrels that
occupy semi-closed holes (or nest boxes) is usually higher
compared to tree-nesters (Hasenclever et al. 1989; Plesnik
1992; Fargallo et al. 2001). Kestrels that breed in city
centres have to fly to distant hunting grounds inhabited by
its main prey, Microtus voles (Cramp and Simmons 1987).
As a consequence, kestrels from large cities enrich their
diet with birds, especially small passerines and young feral
pigeons (Yalden 1980; Korpimiki 1985; Darolova 1989;
Plesnik 1992; Romanowski 1996; Piattella et al. 1999;
Salvati et al. 1999). The kestrels in the small- to medium-
sized urban area of Ceské Budéjovice, Czech Republic,
feed mainly on small mammals, especially on common
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voles (Microtus arvalis) (Riegert and Fuchs 2004). Some
differences have already been found by comparing the
hunting effort and success of urban and rural kestrels in
Ceské Budgjovice. Urban kestrels had lower hunting suc-
cess and hunted with higher effort than rural kestrels. The
lower effectiveness of the urban population may be
because they frequented unfamiliar hunting grounds, often
changing them due to competition with the periphery
kestrels (Riegert et al. 2007a).

Recently, particular differences between urban and rural
population were described at the genetic level. Comparison
of genetic data of kestrel chicks among urban, suburban
and rural population in a Warsaw district showed signifi-
cantly higher polymorphism of the rural population (Rut-
kowski et al. 2006).

In the light of these findings, we tested the differences
between rural and urban kestrels in South Bohemia. The
main objectives of this paper were to (1) assess the genetic
variability of the studied kestrel populations, (2) check the
genetic relatedness of individuals along the urbanization
gradient, and (3) compare body characteristics and repro-
ductive parameters of individuals along this gradient.

Materials and methods
Study area and kestrel population

The study was conducted during the breeding seasons
2002-2006 in the Ceské Bud&ovice basin (Cesko-
budéjovickd panev), South Bohemia (49°N, 14°E; 30 km?,
100,000 inhabitants, 250-300 m a.s.l.) and its rural sur-
roundings of approximately 100 km? (370—400 m a.s.L.).
The urban population included pairs from Ceské Budgjo-
vice, where kestrels usually bred in loft-windows, holes or
nest-boxes on buildings, with the highest breeding density
in the city centre (Riegert 2005). The rural population was
located in a farmland northwest of Ceské Bud¢jovice,
where the kestrels mainly used the abandoned nests of
magpies (Pica pica) on electric pylons. The population of
kestrels in Ceské Budé&jovice is annually composed of a
mean of 35.6 breeding pairs, with a breeding density of 1.2
pairs/km® (Riegert et al. 2007b), while the size of the
farmland population was approximately 20 pairs each year
and a breeding density of 0.7 pairs/km?® (Mike§ 2003).

Field data collecting

We assessed the summer availability of small mammals for
both populations independently from 1997 to 2006 on
kestrel hunting grounds (for details, see Mikes 2003;
Riegert et al. 2007b). The kestrels were trapped near their
breeding places using an imitation eagle owl (Bubo bubo).

@ Springer

The animals were caught with a mist-net with a 50 mm
mesh, when they were incubating their eggs or when their
chicks were hatching. Up to 0.2 ml of blood per individual
was collected from v. axillaris and preserved in 96%
ethanol.

We gathered blood samples from 20 rural (17 males and
3 females) and 49 urban kestrels (32 males and 17
females). In total, 49 adult males (2002: 1; 2003: 18; 2004:
13; 2005: 14; and 2006: 3) and 20 adult females (2002: 1;
2003: 8; 2004: 4; 2005: 5; and 2006: 2) were trapped. We
caught both individuals of a pair in ten cases. The distri-
bution of nests was deliberate in the urban population, as
more individuals bred in the city centre, and it was con-
centrated on a high-voltage transmission line for rural
kestrels (Fig. 1).

The examination of an array of body characteristics
included data from kestrels that were trapped before the
start of this study, thus not subjected to genetic analysis.
The total of 96 individuals was studied (26 females and 70
males). Body weight was obtained using Pesola scales
(max 300 g), and tarsus length using a slide calliper and
wing length using a ruler. The crop of each individual was
also palpated for the presence of prey in its crop. The
equivalent mean spring vole weight for our study area
(22 g; Kapoun 2007) was subtracted from the body weight
of individuals that consumed prey.

Data on reproductive success was performed only for
the urban population, because access to electricity pylons
was restricted. We used data from years 1997-2005, from a
total of 112 urban kestrel nests in Ceské Bud¢jovice and a
minimum of five visits per nest (1997: 16; 1998: 10; 1999:
13; 2000: 9; 2001: 9; 2002: 10; 2003: 10; 2004: 16; and
2005: 19). We recorded the number of eggs and chicks
during rearing as well as the number of fledged young.

Laboratory work

We used genetic markers developed for the peregrine fal-
con (Falco peregrinus) (Nesje et al. 2000), whose suit-
ability for the common kestrel has been recently
demonstrated by several studies (Hille et al. 2003; Rejt
et al. 2004; Casagrande et al. 2006; Rutkowski et al. 2006).
All samples were analyzed at 7 microsatellite loci: NVH
fp86-2, fp82-2, fp79-4, fp46-1, fp31, fpl3, and fp5. Total
DNA was extracted from blood samples using the Jet
Quick-Blood Cell Culture DNA Spin Kit (Genomed)
according to the manufacturer’s protocol and stored at
—20°C. For polymerase chain reaction (PCR), we used the
HotStarTaq DNA Polymerase kit (Qiagen) according to the
recommended protocol. A 25-pl reaction mixture contained
template DNA (mean concentration + SD: 65 + 37 pg/ml),
10 pmol of labelled (forward) primer, 10 pmol non-labelled
(reverse) primer. The amplification reaction was carried out
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Fig. 1 Distribution of urban
and rural common kestrel
(Falco tinnunculus) nests
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in the following manner: 94°C/15 min, 35 cycles of 94°C/
1 min, 55°C/1 min and 72°C/1 min. Final extension was
done at 72°C for 10 min. For fragment analysis, 0.5 pl
PCR products were diluted and mixed with 10.25 pl
formamide and 0.25 pl internal lane standards (500-LIZ;
Applied Biosystems). The amplified fragments were sub-
sequently analyzed on an ABI 3130 (Applied Biosystems).
DNA fragment sizes were estimated using GeneMapper v.
3.7 software.

Statistical analyses

We analyzed three main datasets: genetic data (rural and
urban populations), body characteristics (rural and urban
populations), and reproductive parameters (urban popula-
tion). These datasets did not overlap for all individuals. For
example, the reproductive output of some nests was not
possible to gather or the terrain was not suitable for trap-
ping and vice versa. Additionally, we tested the distribution
and quality of nesting holes along the gradient of

urbanization for the city population, because the nest
position and nest quality may influence the nesting site
choice.

We performed the linkage disequilibrium tests in Arle-
quin (Schneider et al. 2000). The results showed that the
loci were unlinked (Chi-square tests, P at least 0.41).
Within-population H-W equilibrium tests were computed
using 100 172 permutations, using Fstat v. 2.9.3.2 (Goudet
2001, http://www.unil.ch/izea/softwares/fstat.html). The
loci were also checked for frequency of null alleles using
the ENA correction in the FreeNA software (Chapuis and
Estoup 2007). Genetic differentiation of the populations
was assessed using Fgr (Weir and Cockerham 1984).
Additionally, we used an individual assignment test
(Rannala and Mountain 1997) to visualize our results. The
test was completed using 20,000 bootstraps, implemented
in Arlequin (Schneider et al. 2000). The significance of the
differences between populations in observed and unbiased
expected heterozygosity (Nei and Roychoudhury 1974) and
allelic polymorphism (Petit et al. 1998) were analyzed
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using the Wilcoxon matched pairs test in STATISTICA 5.5
(Statsoft Inc. 2006).

Spatial distribution of genetic variability was tested in
two ways. First, we compared genetic versus geographic
distance for all couples of individuals (data pooled from
both populations) using the Mantel test. Second, we tested
the similarity of allelic occurrence (0—1) among individuals
along the gradient of urbanization for urban and rural
kestrels separately using RDA analysis facilitated by the
Canoco program (Braak and Smilauer 1998). We chose the
distance of nest from city centre as the key parameter for
establishing the urbanization gradient. Ceské Budéjovice is
a more than 700-year-old settlement with historical “core”,
towards which the built-up area proportion increases.
The effect of nest distance from the city centre to allelic
occurrence was tested by the Monte Carlo permutation test
using 1,000 permutations. Mantel tests to determine
genetic and geographic distances were computed using the
Passage software.

The correlations of body characteristics (body weight,
wing length/body weight, tarsus length/body weight) and
reproductive output (egg number, chick number, number of
fledged young) with the distance of the nest from the city
centre were performed by single regression using STAT-
ISTICA 5.5 (Statsoft 2006). We tested male and female
body characteristics separately, because the males were (on
average) 55 g lighter than females (mean £ SD, males:
1922 £ 174 g, n=70; females: 2469 £+ 23.2 g,
n = 26). We used vole abundances (related to each popu-
lation separately) as a covariate to eliminate its negative
impact when voles were scarce.

For additional analysis of nest site characteristics, we
used only urban nest sites on buildings (76.7% of all
recorded nest sites), because nest boxes do not represent
“natural” places suitable for nesting. In total, we examined
33 nests. We recorded the height of the nest above ground
(m) and nesting-hole volume (cm®). These parameters were
tested along the urbanization gradient (distance of nest

from city centre) using single regression in STATISTICA
5.5 (Statsoft 2006).

Results
Genetic variability

The test showed that the distribution of alleles in locus
NVH {p79-4 significantly differed from H-W equilibrium
in both kestrel populations (H-W equilibrium tests,
Paurary = 0.001, Pyrbany = 0.001). Therefore, we excluded
the locus from further analyses. We also found increased
occurrence of null alleles in the locus NVH fp79-4 (by
frequency 0.245), which was already excluded from further
analyses. After exclusion, the Fgr values were similar in all
loci (95% confidence interval for: Fgr using ENA, 0.0112—
0.0057 and Fgr not using ENA, 0.0083-0.0071).

The mean heterozygosity of the examined loci did not
differ significantly between the populations (Table 1;
Wilcoxon matched pairs test, Z = 0.17, P = 0.866) and
the studied populations exhibited a similar degree of allelic
richness (Table 1; Wilcoxon matched pairs test, Z = 1.26,
P = 0.208). The populations were not genetically differ-
entiated from each other (Fsy = 0.0003, 95% bootstrap
percentile values, 0.0113-0.0060, P = 0.781), which was
supported by the individual assignment test (Fig. 2).

The positive relationship between genetic and geo-
graphic distances from the pooled data of both populations
was indicative (Mantel test, » = 0.04, P = 0.0581). When
we tested the direct effect of nest distance from city centre
to allelic similarity for each population separately, we
obtained different results. We found indicative effect of the
factor for the urban population (Monte Carlo permutation
test, F = 1.28, P = 0.0893, n = 49). Individuals that bred
near the city centre were more related to each other than
individuals from the periphery. For the rural population, this
relationship was not significant (Monte Carlo permutation

Table 1 Main characteristics of common kestrel (Falco tinnunculus) genetic diversity

Locus Range  No. of alleles Allelic richness Heterozygosity observed Heterozygosity expected Fig P
R U R U R U R U R U R U

NVH {p86-2 136-142 4 4 393 3.82 0.75 0.74 0.54 0.59 —-04 —-0.25 0.164 0.001
NVH fp82-2 128-140 7 7 5.65 5.51 0.45 0.61 0.69 0.66 036 0.07 0.047 0.135
NVH fp46-1 118-128 5 6 4.87 5.11 0.6 0.43 0.71 0.63 0.16 033 0297 0.013
NVH fp31 130-140 5 5 4.58 4.44 0.35 0.49 0.64 0.61 046 0.19 0.008 0.164
NVH fp13 92-100 5 5 4.73 4.74 0.65 0.63 0.64 0.65 —-0.02 0.03 0577 0.174
NVH fp5 102-122 9 11 7.36 8.05 0.85 0.74 0.82 0.81 —0.03 0.10 0.409 0.094
Mean 583 633 5.19 5.28 0.61 0.61 0.67 0.66 0.09 0.08

The level of statistical significance after Bonferroni correction was set at 0.008

R Rural population, U urban population
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Fig. 2 Assignment of individual kestrels to urban and rural popula-
tions (log-likelihood values, individual assignment test)

Table 2 Statistical results for body characteristics of kestrels on the
urbanization gradient

Sex (n) Parameter r R? P

Males (70) Body weight —0.13  0.02 0.2826
Wing length/body weight 0.12 0.01 0.3336
Tarsus length/body weight 0.10 0.01 04123

Females (26) Body weight —-041 0.17 0.0362
Wing length/body weight 0.51 0.23 0.0106
Tarsus length/body weight 0.55 030 0.0052

Pooled data from urban and rural population, single regressions
(covariate: vole abundances)

test, F = 1.014, P = 0.4420, n = 20). A comparison of
genetic variability within each sex was not significant
(Monte Carlo permutation tests, males: F = 0.876,
P = 0.2621, females: F = 0.924, P = 0.5420).

Body characteristics and reproductive output

Kestrel females (from both populations) showed a signifi-
cant correlation between body characteristics and distance
of nest from city centre, but males did not show this
relationship (Table 2). Females breeding closer to city
centre were heavier (Fig. 3) and showed lower proportion
of both tested indices (wing length/body weight, tarsus
length/body weight).

Nest distance from the city centre did not significantly
affect any of the tested reproductive parameters in urban
kestrel population: egg number (single regression,
r = 0.09, R?> = 0.008, P = 0.3536, n = 112), chick num-
ber (single regression, r = 0.01, R? < 0.001, P = 0.9094,

Body weight (g)

200 .

180
0 2 4 6 8 10

Distance of nest from city centre (km)

Fig. 3 The relationship between female body characteristics and
distance of nest from city centre (regression, covariate: vole
abundance, P < 0.05, n = 26)

n = 112) or number of fledged young (single regression,
r=—0.04, R* = 0.001, P = 0.7034, n = 112).

Nest site characteristics

Active nest sites occurred mainly in the city centre
(Fig. 4a). We did not find any relationship between the
volume of nesting hole and nest distance from city centre
(single regression, r = 0.05, R> = 0.003, P = 0.7639,
n = 33), but the nest holes in the centre were situated
higher above the ground than those in the periphery (single
regression, r = —0.59, R?> = 0.342, P = 0.0002, n = 33,
Fig. 4b).

Discussion
Genetic variability between populations

It has been proposed that populations separated by different
life styles or geography may lead to genetic differentiation
(Andrzejewski et al. 1978; Gehlbach 1996). The urban
population of kestrels described here ecologically differs in
many ways from their rural counterparts. They occupy
nesting sites on buildings, show high and stable repro-
ductive output (Riegert et al. 2007b), and do not defend
their hunting ranges (Riegert et al. 2007a, c). However, we
did not find any marked genetic differences between the
studied populations. Rural and urban kestrel populations
showed a similar degree of genetic polymorphism, which is
in concordance with a study on various kestrel populations
in Warsaw and its surroundings (Rejt et al. 2004; Rut-
kowski et al. 2006). These authors also reported higher
genetic variability for rural populations and supposed that

@ Springer



78

Popul Ecol (2010) 52:73-79

Number of nest sites

0
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
Distance of nest from the city centre (km)

o
N
N

Height of nest above the ground (m)

0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Distance of nest from the city centre (km)

Fig. 4 Nest site characteristics of urban kestrels along the urbaniza-
tion gradient: a distribution of nests, b height of nest above the ground

gene flow from the rural kestrel population to the city
might be stronger than vice versa. Our results do not agree
with these findings. The allelic richness of the kestrel
populations studied in Ceské Budgjovice was similar and
the Fgr value was very low. Furthermore, the result of the
individual assignment test did not reveal a significant
degree of genetic differentiation of the studied populations.
The possible reasons for this discrepancy may be the
potentially extensive gene flow between the neighboring
populations and the relatively small area of the built-up
part of the city.

Genetic variability within populations

Individuals breeding close to each other were more
genetically related than others. However, the correlation
coefficient was weak and thus we analyzed these rela-
tionships for both populations separately. Urban kestrels
that bred in the city centre were more related to each other

@ Springer

while such a relationship was not found in the rural kestrel
population. We suppose that the gradient of relatedness
found may be correlated with some ecological trait, such as
a higher re-occupation rate (or high site fidelity) of kestrels
in that location. A relatively high re-occupation rate was
also found in other cities in Europe (Salvati et al. 1999;
Kiibler et al. 2005), and our previous ringing data supports
this interpretation. For rural kestrels, we recorded only
three males staying for at least 2 years at one nest site,
while urban kestrels were more faithful to their nesting
sites (three females and seven males for at least 2 years at
one nest site) (J. Riegert, unpublished data).

Body characteristics, reproductive success
and nest site choice

We found a correlation between the measured body
characteristics and nest distance from the city centre for
urban kestrel females. We suppose that the mate choice of
the urban kestrel females may be connected with other
factors than quality of males, especially nest site quality.
The nest site is primarily chosen by a male and is the
subject of competition during early phase of the breeding
season (Village 1990). In addition, nest site quality
directly affects the female mate choice, since breeding
success of kestrels that occupy semi-closed holes in cities
is higher compared to other nesters (Hasenclever et al.
1989; Plesnik 1992; Fargallo et al. 2001). According to
our results, suitable nesting opportunities were available
especially on the old-buildings that occur in the city
centre, which are situated higher above the ground than
those on the periphery. This observation is in agreement
with the “general rule” of kestrel nest site choice in high
buildings (Darolova 1992). The fact that heavier (and
probably higher quality and/or older) females often breed
in the city centre underscores our notion that they com-
pete for suitable nesting sites. This competition possibly
leads to the non-random distribution of urban kestrel
females occurring in Ceské Budgjovice.

We did not find any significant relationship between the
reproductive output and nest distance from city centre of
urban kestrels. Breeding in urban areas can be quite dan-
gerous, especially due to human activities, but the inter-
pretation of this is complicated by the lack relevant reports
about this topic. Unfortunately, we have no exact data on
potential causes of nesting failure for our kestrels. How-
ever, Plesnik (1992) recorded a 60.9% loss of young caused
by human activity in Prague, while this figure was only
13% for farmland kestrels. Therefore, the apparent
advantage of suitable nesting sites in the city centre can be
counterbalanced by new possible risks, such as threats from
humans.
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Abstract. During harsh winters, partially migratory raptors face to making a decision whether leave their breeding sites
or not. However, decision to leave brings advantages for maintaining own body condition, but also disadvantages for
further reproduction. We studied individual variability in fidelity to roost sites during two winters. The kestrel males in
Ceské Budgjovice (Southern Bohemia) roost near their breeding sites for most of the winter. Individuals occupy the
same roost site continuously, unless they temporarily leave the city. We collected pellets at the males’ roost sites from
November to April in 1996/1997 and 1997/1998. We analysed the factors that affect males’ presence (proportion of days
with snow cover — PSC, snow depth and mean temperature). There were fewer absences, overall, in 1997/1998 than in
1996/1997, probably due to milder weather conditions, and better prey availability. Individuals responded differently to
periods of snow cover; some males left the city but others remained. Males that remained had a higher proportion of
non-vole prey (birds, insectivors and insects) in their diet compared to those that left. Moreover, the proportion of birds
in diet was positively correlated with PSC in males that stayed at roost sites during the period with snow cover. We sug-
gest that males able to feed on birds during snow cover could remain in the city in harsh winters, and this would give

them an advantage during competition for breeding sites in the following spring.

Key words: diet composition, Falco tinnunculus, Kestrel, winter roost fidelity, urbanization
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INTRODUCTION

Mortality of wintering raptors largely depends on
weather conditions and prey availability
(Kostrzewa 1988). When the main prey becomes
less available, raptors obviously exploit alternative
ones (Village 1981, Angelstam et al. 1984,
Korpimaki 1988, Jedrzejewski et al. 1994, Reif et al.
2001, Sanchez et al. 2009). When a snow cover
occurs, vole eating specialists like Common
Buzzard Buteo buteo, Common Kestrel Falco tin-
nunculus and Harriers Circus sp. shift to more
available prey, such as carrion or birds (Kostrzewa
& Kostrzewa 1991) or change their hunting tech-
niques (Schipper et al. 1975). In partial migrants,
some individuals leave the area and seek for a
more suitable environment. However, a decision
to leave breeding area is connected with disad-
vantages during following spring. For example,
resident Common Kestrels in Scotland gained
their mates earlier than migratory individuals

(Village 1985). Similar results were obtained in
Merlins Falco columbarius from Saskatchewan. On
the other hand, non-migratory Merlins trapped in
following summer were lighter than migratory
ones (Warkentin et al. 1990).

The Common Kestrel is almost entirely migra-
tory in northeast Europe. The northern limit of its
winter distribution follows the line of the perma-
nent winter snow cover (Village 1990).
Populations breeding in Central Europe are par-
tially migratory (Cramp 1987). Long-term data
from the Czech Ringing Centre show that juve-
niles are migratory and leave their natal territories
during late summer (Riegert 2008). Adult kestrels
may or may not be migratory, with no apparent
pattern. In agreement with results from other
European countries, they usually stay at their
breeding territories for a longer period than juve-
niles (Village 1990).

Among raptors, the Common Kestrel has
settled in urban areas most successfully. Winter
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population density has been estimated in farm-
land (i.e. Village 1982, Voiisek 1991, Plesnik 1992),
but not in urban areas. This is because standard
counting methods can not be used (Plesnik 1992).
Observations from several cities in Central Europe
show that urban kestrels are often resident dur-
ing the non-breeding season (Warsaw — Roma-
nowski 1996, Manchester — Yalden 1980, Brati-
slava — Darolova 1989, Prague — Plesnik 1992),
roosting in the vicinity of their breeding sites
(Cramp 1987), but a systematic study of wintering
urban kestrels in Central Europe has not been
done.

During the non-breeding season, resident
kestrels at southern latitudes feed mainly on
insect groups such as Orthoptera or Coleoptera
(Piatella et al. 1999), but northern populations
depend on small mammals, especially Microtinae
voles (Village 1990). Therefore, kestrels wintering
in Central Europe are likely to be more influenced
by weather conditions due to presence of snow
cover that can affect their ability to gain sufficient
food. This implies that weather conditions might
affect wintering habits of urban kestrels. Because
snow cover makes voles less available (Canova
1989), we expected a lower proportion in the diet.
On the other hand, birds are the only component
of the diet, whose availability does not depend on
snow conditions and may play a significant role as
alternative prey during harsh winters (Zmihorski
& Rejt 2007).

We analyzed changes in overall diet composi-
tion between the two winters, among individual
males and the effect of distance between the roost
site and the city centre. We also studied the pat-
terns of wing-tagged male kestrel wintering in a
small to medium sized city Ceské Budé&jovice
(Czech Republic). In agreement with findings
from other central and western European cities,
some kestrels were present close to the breeding
sites for almost the whole year and they used sta-
ble sites for roosting (e.g. Yalden & Warburton
1979). Based on six-year observations (Riegert
2005), we can assume that the presence of females
is restricted to the period between early spring
(late January-March) and autumn (early
November). Juveniles moved from the city earlier
than females, most often during September.
Therefore we concentrated on the roosting behav-
iour and diet of male kestrels. We tested 1) the
effect of mean snow depth and the duration of
snow cover on the occurrence of kestrels at roost
sites during the winter. Since we recorded great
individual differences in the wintering of males,

we tested 2) if the diet composition of males that
stay during snow cover in the city differs from
those leaving their roost sites. For these males, we
tested 3) if the proportion of birds and mammals
in their diet correlates with mean snow depth and
duration of snow cover.

MATERIAL AND METHODS

Field work

The study was conducted in Ceské Budé&jovice
(Southern Bohemia, altitude 300 m, 49°58°N,
14°29°E; area 40 km? radius 4 km; 100 000 inhabi-
tants). The kestrel population includes 40-50 nest-
ing pairs each year (Riegert & Fuchs 2004).
Individuals were caught near their breeding sites
using an imitation of Eagle Owl Bubo bubo. Male
kestrels were wing-tagged in the 1996 breeding
season using the methodology of Village (1982)
and those males were the same individuals stud-
ied in both winters.

During the winters (November—February) of
1996/97 and 1997/98 we monitored the roost sites
of eight wing-tagged male kestrels males using 1)
regular two-weekly night controls using a flash-
light to confirm the identity of a male, and 2) pel-
let collections. Roost sites were situated both in
the city-centre and on the periphery, usually on
building downspouts under the roof, and close to
the breeding site used during breeding season.
The minimum distance between roost sites was
200 metres (mean = s.d.: 2600 = 1100 m). Pellets
were collected every 2-4 weeks from November
to April (11 pellet collections in 1996/97 and 10 in
1997/98, mean = s.d.: 12.6 = 1.2 pellets per roost
site and collection). The males were considered
absent when we did not detect any pellets under
roost sites and flashlight night controls confirmed
this suggestion. Data on weather conditions were
obtained from the Czech Hydrometeorological
Institute in Ceské Budé&jovice. For each interval
between the collections, we calculated mean snow
depth, mean daily temperature and proportion of
days with snow cover within the interval
(PSC)(Table 1).

Pellet analysis

The pellets were dried and all feather-remains
were identified. The remainder was dissolved in a
solution of NaOH (Schueler 1972). Small mammal
species were determined using skull features
described by Andéra & Horacek (1982) and bird
species by beak and humeri using a reference
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Table 1. Weather conditions during the winter 1996/97 and 1997/98. Winter duration is related to different number of controls (see
Methods). PSC — proportion of days with snow cover in given time interval.

Winter Mean snow height + SD (cm) PSC (%) Mean temperature £ SD (°C) Winter duration
1996/97 1.64 £ 1.92 43.3 3.05 £3.53 203
1997/98 0.75 £ 1.53 13.7 3.37+249 186

collection. Insect remains were sorted into cate-
gories of similar size, shape and colour. For all diet
components, the total numbers of fragments in
each pellet (mandibles, pelvics, humeri, tarsi, ely-
trae and coxae) were divided by their occurrence
in a prey body. The most numerous fragments
defined the final number of prey items in a pellet.
We identified 1632 prey items from 2122 pellets
during the winters 1996/97 (835 prey items, 1156
pellets) and 1997/98 (797 prey items, 966 pellets).

Statistical analyses

The presence of kestrels at roost sites and the pro-
portion of birds and voles in the diet were
analysed using Generalized Linear Models (GLM,
forward selection, logit or log link function
respectively), which allows multi-factor tests on
binomial models (McCullagh & Nelder 1989). The
year factor was used as a covariate. The selection
and order of factors in a model was defined by
Mallows Cp-statistics (Mallows 1973). These fac-
tors included: mean temperature, mean snow
depth, PSC and roost site (1-8). Mean temperature
was negatively correlated with PSC (Spearman
rank correlation, r, = -0.57, p = 0.006). Thus, we
used only PSC in further calculations. Besides
weather factors, we used roost site to control spa-
tial autocorrelations. We performed the following
analyses: (i) factors determining the overall pres-
ence of males at a roost site were tested using the
GLM model with binomial error distribution,
additionally, (ii) we tested the effect of PSC on the
occurrence of each male separately; for males that
stayed at roost sites during snow cover (n = 4), we
tested (iii) the effect of PSC on the proportion of

birds and voles in the diet using GLM models
with gamma error distribution; (iv) differences in
diet composition between males that stayed at
roost sites and those that left were computed
using ANOVAs in STATISTICA software (Statsoft,
Inc. 1996). We used Bonferroni’s correction for
results from dependent tests. The effect of winter,
individual and distance of the nest from city cen-
tre (for details see Riegert et al. 2007) were tested
by multivariate analysis (RDA, Monte Carlo per-
mutation tests) using Canoco software (Braak &
Smilauer 1998) and visualised in CANODRAW
(Smilauer 1992).

RESULTS

Fidelity to roost sites

During the more severe winter of 1996/97 only
one male was present continually all winter. This
contrasted with the winter of 1997/98, when only
a single male was absent for half the winter. GLM
analysis showed that roosting habits of individual
males differed significantly. In addition, the pres-
ence at the roost sites was negatively affected by
the proportion of days with snow cover
(PSC)(Table 2). We tested the effect of mean snow
depth and PSC on the presence of each male at its
roost site separately. The effect of snow depth had
no significant effect on any male (p > 0.13 in all
cases), but the effect of PSC separated the males
into two groups. PSC had a significant negative
effect on the occurrence of four males that during
a period of snow cover in the winter of 1996/97 left
their roost sites (males #1, 2, 5 and 7). In the other

Table 2. Factors affecting the presence of males at roost sites (8 males, n = 288 pellet collections, GLM binomial model) and factors
affecting the proportion of birds and voles in the diet of males that stayed in the city during periods of snow cover (4 males,
n = 66 pellet collections, GLM gamma models). Data pooled for both winters studied, factor year was used as a covariate.

Dependent variable Independent variable % of explained variability B p
Male occurrence at roost sites (0—1)  Roost site 11.4 0.005
PSC 4.7 0.026
% of birds in the diet PSC 12.2 0.43 0.002
Roost site 3.0 0.431
% of voles in the diet PSC 9.5 -0.45 0.018

Roost site 9.3 0.058
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Table 3. Presence of males at roost sites and the effect of PSC on the presence of individual males at roost sites (GLM binomial
models), n = 36 controls for each male. Factor year was used as a covariate. * — the male was present in all controls.

Male # % of controls the male was present % of explained B p
in 1996/97 in 1997/98 variability

1. 45.5 100.0 18.1 -0.62 0.060
2. 54.5 50.0 254 -0.53 0.027
3. 63.6 100.0 7.2 +0.42 0.268
4. 63.6 100.0 27.9 +0.48 0.017
5. 18.2 100.0 17.3 -0.54 0.057
6. 100.0 100.0 0.0 * 1.000
7. 54.5 100.0 29.5 -0.75 0.027
8. 81.8 100.0 12.5 +0.49 0.184

four males (#3, 4, 6 and 8), we recorded no effect
or a positive effect and the males were faithful to
their roost sites even during longer periods of
snow cover (Table 3).

Diet composition

The Common Vole Microtus arvalis was the domi-
nant component in the winter diet of all males
(41.7-96.0% by numbers), followed mainly by
insects (1.0-34.5% by numbers) and birds
(0.0-16.1% by numbers). Insects were represented
mainly by large Tettigonidae grasshoppers and
Carabidae beetles, which proportion increases
during the late autumn (Riegert & Fuchs 2004).
Multivariate analysis showed that overall diet
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Fig. 1. Projection scores of main diet components for each
kestrel male during the winter 1996/98 and 1997/98 with cen-
troids for the years (RDA analysis).

composition changed significantly between the
two winters (RDA, Monte Carlo permutation test,
F = 5.03, p = 0.012). The winter 1997/98 was char-
acterized by increased proportion of voles and
subsequent decrease of proportion of other diet
items (Fig. 1). Diet composition significantly dif-
fered among kestrel male individuals (RDA,
Monte Carlo permutation test, F = 2.79,
p = 0.047), but we did not find significant effect of
distance of nest from city centre (RDA, Monte
Carlo permutation test, F = 0.53, p = 0.625).

The proportion of voles was significantly high-
er in the males that left their roost sites during
snow cover (Table 4). In the males that stayed,
voles were partially substituted by other rodents
(genus Mus, Apodemus and Micromys), birds
(genus Passer, Parus and Turdus) and shrews
(genus Sorex and Crocidura), but the differences
were indicative for only a proportion of other
rodents. Further, we concentrated on the group of
males that did not leave their roost sites. We found
that the proportion of birds in their diet was posi-
tively correlated with PSC while the proportion of
voles was negatively correlated (GLM, Table 2, Fig.
2). Other diet components were not affected.
Individual differences in the proportion of birds
and voles in the diet among these males were not
significant (Table 2).

DISCUSSION

The duration of snow cover had a significant
effect on the wintering habits of the studied male
kestrels. However, the effect of PSC may be close-
ly related to vole abundance. The second winter
(1997/98) was milder compared to the first
(1996/97). Simultaneously, between the summer of
1997 and 1998 the population density of the
Common Vole increased dramatically (using pit-
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Table 4. The overall percentages (mean =+ SD) of diet components in the males that were present/absent during periods of snow
cover (two tailed ANOVA, males #1, 2, 5, 7 vs. 3, 4, 6, 8). The limit of significance after Bonferroni’s correction was set at 0.008.

Significant results are marked with asterisk.

Diet component Absent Present d.f. F p

Voles 79.8£125 67.5+20.9 1 6.22 0.005*
Other rodents 19+3.2 8.3+10.8 1 6.59 0.012
Insectivors 1.7+21 0.0+0.0 1 2.37 0.127
Birds 21+11.3 6.5+4.2 1 2.05 0.156
Other vertebrates 04+14 04+17 1 0.00 0.948
Insects 158 +17.6 156 +12.9 1 0.16 0.694

fall traps we caught 37 voles per 100 traps in July
1997 and 154 voles in 1998, Riegert 2005). Thus, we
cannot separate clearly the effect of weather con-
ditions and vole abundance in a sample of two
winters. The weather conditions (the low number
of days with snow cover) as well as good prey
availability may have caused the continual winter
presence of most of the males. The increased pro-
portion of voles in the diet during the winter
1997/98 provides indirect evidence on the impor-
tance of vole availability to successful wintering.
Also Village (1990) found a negative relationship
between vole availability and winter mortality of
kestrels.

The winter roosting of kestrels in urban areas
has not been studied previously. Available data
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Fig. 2. The effect of the proportion of days with snow cover
(PSC) to proportion of a) birds and b) voles in the diet of kestrel
males that stayed in the city during the harsh winter 1996/97
(males # 3, 4, 6, and 8, n = 66 pellet collections).

describe between-year changes in the density of
wintering kestrels in farmland populations (e.g.
Village 1990, Votisek 1991, Plesnik 1992). In these
studies, the density of kestrels decreased with the
increasing number of days with snow cover,
whereas the temperature had not significant
effect. Our data are partially in agreement with
these results, the PSC had a significant effect on
some males and the presence of males at roost
sites differed significantly among individuals. In
four males, presence was negatively affected by
the PSC, but our data do not support a significant
effect of snow cover depth.

The Common Vole is the most important prey
in the winter diet of kestrels in Ceské Budé&jovice
(74% by numbers). Similar results were found by
Zmihorski & Rejt (2007) in central Poland (62% by
numbers). The proportion of voles in the diet was
significantly higher in the males that left their
roost sites during periods of longer snow cover in
the winter of 1996/97. Other rodents, shrews and
birds enriched the diet of males that remained
during this period that is in concordance with
alternative prey hypothesis (Angelstam et al.
1984). The overall proportion of birds in the
kestrels” winter diet was lower in comparison to
other urban populations at similar latitudes: this
study 4.3%, Manchester 63.3% (Yalden 1980),
Bratislava 17.5% (Darolova 1989), Prague 45.4%
(Plesnik 1992). This is probably caused by small
area of the city when the kestrels mostly hunt on
the city periphery (Riegert et al. 2007). In spite of
the low proportion of birds in the diet, we sup-
pose that they are essentially important for the
wintering of kestrels, especially during periods
with snow cover, when voles become less avail-
able (Canova 1989). In the males that remained,
the proportion of birds in the diet increased with
increased PSC. However, we cannot exclude a
possibility that the differences in proportion of
voles and birds in the diet of leaving and resident
males is simply driven by the fact that we have no
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data on pellet composition for leaving males from
middle of winter. So this lack of data can drive the
differences. If this result is driven by the differ-
ences in wintering strategy, we suggest that feed-
ing “opportunist” individuals may be better
equipped for wintering than vole “specialists”.
Further, we suppose that only the males, which
are able to supplement voles with birds, may
outlast periods with snow cover in the city. This
may bring them a competitive advantage for
breeding sites in the following spring, increasing
possibility to gather female early in the breeding
season (Village 1985). As a consequence of physio-
logical processes (Meijer et al. 1990), kestrel pairs
breeding earlier in the spring have larger clutches
(Dijsktra et al. 1982, Village 1986, Korpiméki &
Wiehn 1998). Moreover, early breeding kestrel
pairs obviously produce more chicks (Village
1990). Similar results have been documented for
other raptor species — Bearded Vultures Gypaetus
barbatus and Spanish Imperial Eagles Aquila adal-
berti (Margalida et al. 2003, 2007).
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STRESZCZENIE

[Przywiazanie do miejsc noclegowych i sklad
pokarmu samcéw pustutki zimujacych na tere-
nie miasta]

Ptaki drapiezne, ktérych znaczna cze$¢ bazy
pokarmowej stanowia norniki, w czasie zimy
moga zmieniaé swa diete. Dodatkowo, gatunki
nalezace do czeSciowo wedrownych mogg w
okresie zimy przenosi¢ sie na bardziej odpowied-
nie tereny. Decyzja o porzuceniu legowiska moze
jednak negatywnie odbijac sie na rozrodzie w ko-
lejnym sezonie legowym z powodu m. in. zajecia
gorszego miejsca legowego.

W pracy badano czynniki wptywajace na przy-
wigzanie do miejsc noclegowych osmiu osob-
nikéw (wylacznie samcéw) pustulki gniazduja-
cych w Czeskich Budziejowicach. Analizowano
zaréwno czynniki pogodowe — wysokos¢ i dhu-
gos¢ zalegania pokrywy $nieznej i érednia tem-
perature, jak i preferencje pokarmowe badanych
ptakéw. Badania prowadzono zima 1996/7 1 1997/8
obserwujac te same osobniki. Samce pustulek
schwytano w sezonie legowym i wyznakowano
indywidualnie znaczkami skrzydtowymi.

W okresie polegowym samce pustutek nocuja
w poblizu miejsc legowych. W okresie od listo-
pada do lutego miejsca takie sprawdzane byly
co dwa tygodnie, w celu okredlenia obecnosci
ptakow. W tych samych miejscach, co dwa-
cztery tygodnie zbierano wypluwki. Nieobecnosé
ptaka podczas nocnych kontroli oraz brak
wypluwek wskazywaly na czasowa emigracje
danego osobnika z miasta. Dla kazdego okresu
pomiedzy zbiorami wypluwek okreslano $redniag
wysoko$§¢ pokrywy $nieznej, $rednia dzienna
temperature oraz udzial dni z zalegajaca po-
krywa éniezng w caltym badanym danym okresie
(PSC). Jako, ze $rednia dzienna temperatura byla
skorelowana z udziatem dni z pokrywa $niezna,
tylko ta ostatnia zmienna zostala uzyta w ana-
lizach.

Zima 1996/7 obserwowano tylko jednego
samca, ktéry byt obecny w mieScie przez cala
zime, Natomiast zima 1997/8, wszystkie badane
ptaki byly obserwowane zima w miescie tylko
jeden samiec opuscit teren badah na okoto potowe
okresu zimowego. Wyniki te zwigzane sa z wa-
runkami pogodowymi — zima 1996/7 byta su-
rowsza niz 1997/8 (Tab. 1), a zageszczenie
nornikéw, a przez to ich udzial w diecie pustutek
— mniejszy (Fig. 1). Na obecnos¢ samcéw pustut-
ki negatywnie wplywal udzial dni z pokrywa
$niezna (Tab. 2, 3). Mozna wyrdzni¢ dwie reakcje
osobnikéw zwigzane z zaleganiem pokrywy
$nieznej. Czeé¢ osobnikéw odlatywala z miasta,
pozostate pozostawaty w okolicy swoich lego-
wisk. Te osobniki, ktére opuszczaly legowiska,
mialy wiekszy udziat nornikéw w diecie niz te,
ktére zostawaty blisko miejsc legowych (Tab. 4).
Ponadto udziat ptakéw w diecie samcéw, ktére
pozostawaly w mieScie, byl pozytywnie sko-
relowany z udzialem dni z zalegajaca pokrywa
$niezna, za$ udzial w pokarmie nornikéw — sko-
relowany negatywnie (Fig. 2). Autorzy sugeruja,
ze samce, ktore potrafia zerowaé na pokarmie
innym niz norniki podczas okresow z zalegaja-
cym $niegiem moga pozostawaé w miescie, co
w konsekwencji moze przynosi¢ im korzysc
w okresie legowym, gdy musza wspdétzawod-
niczy¢ o miejsca legowe.
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We studied the dietary composition of urban populations of Common Kestrels (Falco
tinnunculus) and Long-eared Owls (4sio otus) under fluctuating vole abundance in Ceské
Bud¢jovice during 2002-2005. Common Voles were the dominant prey. In poor vole
years, the dietary proportion of alternative prey increased in both species. Long-eared
Owls fed more on mice and related rodents, whereas the Common Kestrels’ diet shifted to
insects. The different alternative diets may be due to species-specific daily activity, hunt-
ing techniques and/or hunting habitats. Furthermore, we examined the possible relation-
ship between the distance from a nest to the city centre and the proportion of voles in the
diet. The Kestrel diet was not markedly influenced by distance, but for Long-eared Owls

an increasing distance was associated with an increasing dietary proportion of voles.

1. Introduction

The Common Kestrel (Falco tinnunculus) and
Long-eared Owl (4sio otus) are two raptor species
that have successfully moved into urban habitats.
The Common Kestrel is the most frequent diurnal
bird of prey in the cities of Central Europe (Riegert
2005). The first records of kestrels breeding in ur-
banized areas of the Czech Republic are from
1950s (Hudec 1986), and presently they inhabit all
Czech cities in high densities (Stastny et al. 2006).
Similarly, in some Central-European cities, the
breeding density of the nocturnal Long-eared Owl
can be high (Prague: 0.29 pairs/km’, Fuchs et al.
2002; Leszno: 0.16 pairs/kmz, Kuzniak 1996;
Ceské Budgovice: 0.31-0.50 pairs/km’; Lovy
2007).

In farmland habitats both species primarily
feed on small rodents, especially Microtinae voles
(Village 1981, Village 1990, Korpiméki 1992).
However, the urban environment differs from
farmland, for example, in being free of large pred-
ators such as the Eagle Owl Bubo bubo, by in-
creased threat from humans and by increased (or
altered) nesting opportunities. Perhaps the most
conspicuous difference between farmland and ur-
ban habitats is that vole abundance is higher in the
former (Cihakova & Frynta 1996). Therefore,
vole-eating predators are either forced to hunt
voles outside the city and/or feed on alternative
prey.

The coexistence of these vole-eating special-
ists has previously been studied in farmland areas
(Korpimiki 1987), but data from urban areas have
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Fig. 1. Locations of
Common Kestrel and
Long-eared Owl nest-
ing sites in Ceské
Budéjovice. Grey area
= built-up land; striped
area = park or ceme-
tery; dotted area =
river; solid line = main
road; dashed line =
railway; x = the city
centre; + = vole-trap-

O Kestrel
® Long-eared Owl

/) ping site.

been lacking. Neighbouring pairs of Kestrels and
Long-eared Owls in Finland have shown less diet
overlap than more distant nesters, and the extent of
diet overlap has been shown to correlate with the
availability of small mammals (Korpimaki 1987).
Our study is the first to investigate the diet of
Kestrels and Long-eared Owls in urban conditions
simultaneously. Our aim was to compare the di-
etary composition of these two species over a four-
year period of fluctuating vole availability across
an urban-rural gradient in Ceské Budgjovice,
Southern Czech Republic. We made three predic-
tions regarding vole availability, in concordance
with the optimal diet theory (Pyke 1984). (1) With
decreasing vole abundance the proportion of alter-
native prey should increase in the diet of both spe-
cies. (2) Alternative prey should be different for
Kestrels and Long-eared Owls due to different
daily activities, hunting techniques and/or inter-
specific competition. (3) For both species, the pro-
portion of main vole prey in the diet should be
higher for pairs breeding far away from as com-
pared to those breeding near to the city centre.

2. Material and methods

The study was conducted in the city of Ceské
Budgjovice (Southern Bohemia, 49°N, 14°E; 40
km®; 100,000 inhabitants; 250-300 m a.s.l.).
Long-eared Owls breed in old Magpie (Pica pica)
nests, often in parks (Fig. 1). Kestrels breed in old
buildings, with the highest breeding density being
in and adjacent to the city centre (Fig. 1). The po-
pulation size of Long-eared Owl in the city area is
up to 15 breeding pairs each year, while Kestrels
have up to 40 breeding pairs each year. The land-
cover composition (proportion of different habitat
types) changed less than 3% at any Owl/Kestrel
hunting area during the study period (for details,
see Riegert et al. 2007).

The availability of the Common Vole (Micro-
tus arvalis) was assessed each year. Voles have
been studied from 1997 to 2005, with abundance
peaks in 1998, 2002 and 2005. One hundred plas-
tic two-litre pitfall traps, with 4% formaldehyde as
killing and preserving agent, were installed at a to-
tal of ten Kestrel and Long-eared Owl hunting ar-
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Table 1. Diet composition (percent of all prey items; mean + SD) of Common Kestrels and Long-eared
Owls during 2002-2005 in Ceské Budg&jovice. # items = number of prey items in the data; # nesting = num-

ber of recorded nesting attempts.

Year Microtinae  Muridae Other Birds Other Insects #items # nesting
mamm. vertebr.

Kestrel

2002 875+52 21+23 07205 2724 14+19 5652 301 9

2003 743+76 25+20 0911 59+30 1518 149+99 223 7

2004 93.5+69 05+11 02+x04 03+x12 1757 3837 408 15

2005 906+71 09+16 0707 1922 14+17 4548 692 19

Long-eared Owl/

2002 90.1+59 73+50 0508 2117 O 0 1,304 8

2003 689+125 235+95 29+x36 47+x42 O 0 1,351 10

2004 60.2+52 353+6.7 15+24 3.0x16 O 0 334 4

2005 87.7+40 10.0+03 02+03 2.1+21 0 0 1,060 1

eas (Fig. 1). Transects of ten traps at each of the ten
areas in the second half of the July, active for 17
days, were used each year. Six transects were
placed in meadows and four in urban waste-
grounds (ruderal areas).

Nesting attempts and diet composition were
assessed from April to July each year during
2002-2005. Nests were regularly visited to verify
nesting attempts. Food composition was assessed
from 33 nests of Long-eared Owl and 50 nests of
Common Kestrel (Table 2). At the end of each
breeding season, pellets and all remains of prey
(feathers of birds, body parts of bats and lizards,
etc.) were collected inside of and adjacent to the
Kestrels” nesting cavities, and from the Long-
eared Owl nests. Small mammals were determined
by identifying skulls using Andéra and Horacek
(1982), and birds by beak and humeri using a ref-
erence collection. Remains of insects were sorted
into categories of similar size, morphology and
colour. The numbers of voles, mice and shrews
were determined by the number of jaws found,
while the number of birds was estimated by de-
tected feathers.

Multivariate Regression Trees (MRT) based
on Euclidean distances (De’ath 2002) were used to
test the first and second predictions. The analysis
was computed using R 2.8.1 software (R Develop-
ment Core Team 2008). Each nesting attempt rep-
resented a sample, and the proportion of each com-
ponent (voles, mice, birds, other mammals, verte-
brates and insects) in the diet represented ‘species’
for the purpose of analysis. Raptor species (Owl/

Kestrel) and study year were used as explanatory
variables.

Generalized Linear Models (GLMs) were used
to test the third prediction, viz. the impact of dis-
tance from a nest to the city centre on the dietary
proportion of voles (the main prey for both spe-
cies). As the availability of voles was expected to
decrease toward the city centre (Cihakova &
Frynta 1996), the proportion of voles in diet was
used as the dependent variable and the distance
from a nest to the city centre was used as an ex-
planatory variable. Each nesting attempt was used
as an independent replicate (sample); for pseudo-
replication possibility, see below.

A Gamma error distribution was assumed and
an inverse link function used (McCullagh &
Nelder 1989) and forward selection of factors us-
ing Mallow’s Cp-statistics were used to select the
final model (Mallows 1973). The GLM factors
were the distance to the city centre (an approxima-
tion of urbanization), raptor species, and an inter-
action between these two. Vole abundance was
used as a covariate. The same analysis was also run
for the Owl diet only.

Using every breeding attempt as an independ-
ent data point might introduce pseudo-replication
(Hurlbert 1984). However, for both raptor species
the observed nesting patterns suggest this problem
to be negligible. For Long-eared Owl, no repeated
breeding at the same nest was documented for con-
secutive years, and for Kestrels, only three pairs
stayed at the same nesting site for two consecutive
years. These findings were supported by wing-tag-
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Fig. 2. Multivariate re-

ging Kestrels and using radio telemetry for both
species (Riegert et al. 2007a, Lovy 2007).

The annual diversity of diet composition was
computed using the standardized Gibson Index
(Colwell & Futuyma 1971), and diet overlap was
assessed according to Pianka (1974). The data unit
was represented by the sum of individuals for each
species or genus, depending on the accuracy of
identification.

3. Results

The Common Vole was the most frequent species,
making up to 79.6% of all trapped small mammals,
followed by shrews (17.9%) and harvest and field
mice (2.6%). The highest numbers of voles were
caught in 2002 and 2005 (79 and 98 individuals,
respectively). The years 2003 and 2004 were char-
acterised by low occurrences of voles (20 and 21
individuals, respectively). The number of voles
per 100 traps varied significantly between years
(Chi-square test; x° = 87.4, df =3, P < 0.0001).
The diet composition of both species changed
across the study period, but Common Voles re-
mained the dominant prey, making up over 60% of
all prey items in both species (Table 1). Both spe-
cies took more alternative prey in the poor vole
year of 2003, and Long-eared Owls did so also in
2004 (Table 1, Fig. 2). However, the alternative
prey differed between the two species (Fig. 2; 56%
of variance explained in the MRT). In the diet of

gression tree based on
Euclidean distances for
the Common Kestrel
and Long-eared Owl
diets (variance ex-
plained = 0.56). Diet
bars, from left to right:
Microtinae, Muridae,
other mammals, birds,
other vertebrates and
insects.

Long-eared Owl, the most frequent secondary
prey were mice (Apodemus, Micromys, Mus and
Rattus). In years with poor vole availability, mice
comprised a considerable part of the owl diet
(Figs. 2-3).

100 -
Long-eared Owl
80 4
Il High vole availability
60 - [] Low vole availability
40 4
R 20
Ko}
-g 0 I — |:|:|
e Microtinae Muridae Other Birds  Other Insects
9] mammals vertebrates
"g 100 1
§' I Kestrel
o 80 A
60 A
40 1
20 1
0 T s e o ] S.ii

Other Insects
vertebrates

Microtinae Muridae Other  Birds
mammals

Fig. 3. Mean (+ SD) proportions of diet items in the
diets of Common Kestrel and Long-eared Owl dur-
ing good (2002, 2005) and poor (2003, 2004) vole
years.
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Table 2. Diet composition (Gibson’s index) of Long-
eared Owls and Common Kestrels, and their diet
overlap during 2002-2005 in Ceské Budé&jovice.
The right-hand column refers to the number of
voles caught per 100 traps.

Year Long-eared Kestrel Overlap Voles

Owl /100

traps
2002 1.27 1.27 0.78 79
2003 2.09 1.60 0.51 20
2004 2.43 1.46 0.43 21
2005 1.33 1.17 0.80 98
Mean 1.78 1.38 0.63 218

Kestrels had a more diverse diet than Long-
eared Owls (Table 2). For example, Kestrels used
a higher proportion of insects than did Short-eared
Owls, particularly in 2003 (Fig. 2, Table 1). The
insect prey mainly comprised ground beetles (Ca-
rabidae) and grasshoppers (Tettigonidae). The diet
overlap between the two species was lower in the
poor vole years of 2003 and 2004 (0.43—0.51) than
in good vole years (0.78-0.80).

The dietary proportion of voles significantly
differed between the two species (GLM, 12.2% of
variation explained df = 81, FF = 12.77, P =
0.0006). The distance between nest and city centre
alone had no impact on the proportion of voles,
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when tested using pooled Kestrel and Long-eared
Owl data (GLM; P > 0.2). However, the interac-
tion between distance and raptor species was mar-
ginally significant, suggesting a species-specific
distance response (GLM; 8.1% of variation ex-
plained, df=79, F=5.69, P=0.0916). Kestrel diet
was not influenced by the distance between nest
and city centre, but Long-eared Owl individuals
breeding further from the city centre had a higher
proportion of voles in their diet than those breed-
ing closer (Fig. 4). A separate analysis of Long-
eared Owl diet along the urbanization gradient
confirmed this distance response (GLM; 7.1% of
variation explained, df=31, F=5.93, P=0.0212).

4. Discussion

The diet of raptors may change when they inhabit
urban areas. For example, Kestrels in large cities
often enrich their diet with birds (Witkowski 1962,
Beichle 1980, Darolova 1986, Romanowski
1996). However, we did not observe such a switch
in Ceské Budgjovice. The proportion of birds was
consistently low. The proportion of Microtus
voles was very high, however, resembling the diet
composition of rural Kestrels. The proportions of
Muridae, other mammals, birds and other verte-
brates were generally low.

100 4 T [ Io] e o
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o8 ® o
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- o ®
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g 4l 8
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Fig. 4. The effect of s o
distance between nest 50 © o ° 4
and city centre on the o o
proportion of voles in
the diets of Long-eared 50 i
Owls and Common
Kestrels. Filled circles ©
= i T T T 1 T T T 1
years of high vole 0 1 5 5 10 J 3 z A

abundance (2002,
2005); open circles =
years of low vole abun-
dance (2003, 2004).

Long-eared Owl

Common Kestrel

Distance of the nest from the city centre (km)



128

The breeding-season foraging ecology of the
Long-eared Owl in urban environments is poorly
understood. In our study, Microtus voles were the
most frequent prey. The observed food composi-
tion, with abundant voles, an increased proportion
of Muridae and low proportion of other mammals
and birds, is comparable with data collected from
natural sites in Europe (Wijnandts 1984, Korpi-
maki 1992, Tome 2003). Moreover, we did not de-
tect remains of insects in the diet of Long-eared
Owl, which is in line with the above-mentioned
studies.

Vole availability appeared to be the single
most important factor determining diet composi-
tion for both Kestrel and Long-eared Owl, as voles
formed the major portion of the diet for both spe-
cies. Furthermore, the dietary proportion of voles
generally decreases when this prey is scarce. How-
ever, Kestrel diet did not follow this trend, a result
that is difficult to interpret. Nevertheless, the supe-
rior significance of voles (our first prediction) is in
accordance with other studies dealing with this
topic: for the Long-eared Owl, see Tome (1994,
2003) Korpimédki (1992) and Wijnandts (1984),
and for the Kestrel, see Village (1982), Korpiméki
(1985) and Korpimaiki and Norrdahl (1991).

Insect abundance in Kestrel diet increased dur-
ing vole scarcity, while Muridae represented an al-
ternative prey for Long-eared Owls. Such dietary
diversification was further supported by a smaller
diet overlap during years of low as opposed to
years of high vole abundance. Our results from a
medium-sized city are consistent with those of
Korpiméki (1987), who found a less pronounced
diet composition overlap in sympatric Kestrels
and Long-eared Owls during poor vole years in
farmland. The different alternative prey between
the two species may be partly explained by differ-
ences in daily activities (Korpiméki 1987) and dif-
ferent hunting techniques. Kestrels, as diurnal
predators, hunt almost exclusively by sight, which
is suitable also for catching ground beetles during
daylight. Moreover, insect prey may often be
taken after non-successful strikes, whose fre-
quency increases during periods of vole scarcity
(Riegert & Fuchs 2004). In contrast, the nocturnal
Long-eared Owl hunts mainly by hearing (e.g.,
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Henrioux 2000, Wijnandts 1984). Relatively quiet
beetles do not represent a suitable alternative prey,
and hence the mainly nocturnal Muridae species
become the predominant alternative prey, support-
ing our second hypothesis.

Our third prediction was not fully supported by
observations. Distance between nest and city
centre had a marginally significant effect on the
diet of Long-eared Owls, coinciding with the de-
creasing vole abundance (and consequently pro-
portion in the owl diet) toward city centre. The dif-
ference between the two species is similar to our
earlier results on hunting activities revealed by te-
lemetry and wing-tagging. While kestrels almost
exclusively hunt in rural areas (Riegert et al.
2007a), Long-eared Owls often hunt in edge habi-
tats within the city area, such as waste-grounds
along streams, power-line openings and railway-
track verges (Fig.1; see also Lovy 2007). Such
habitats host a high diversity of small mammals,
especially Muridae mice (Briner et al. 2005, Su-
chomel & Heroldova 2006). Kestrels hunt mostly
by hovering (Village 1990), which allows them to
control a large area (Village 1983). This technique
is thus well-suited for hunting on large waste-
ground areas at the city periphery. Long-eared
Owls, on the other hand, hunt using harrier-like
flight near the ground, and hovering is rare (Cramp
1985). Galeotti et al. (1997) and Henrioux (2000)
also mention a perch-and-wait hunting technique,
which is common in raptors. These strategies do
not allow large areas to be controlled, but represent
suitable techniques to hunt along corridor-like
habitats (Galeotti et al. 1997).

We suggest that the observed differences be-
tween Common Kestrel and Long-eared Owl diet
in the urban environment of Ceské Budgjovice are
caused by several factors. Apart from the obvious
difference in diurnal activity, habitat types used
for hunting and particularly hunting techniques
also have significant impacts on diet composition.
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Tuulihaukan ja sarvipollon ravinnon
koostumus kaupunkiympéristossi

Tutkimme tuulihaukan (Falco tinnunculus) ja sar-
vipollon (4sio otus) ravinnon koostumusta vaihte-
levien myyrikantojen aikana Ceské Bud&jovicen
kaupungissa 2002-2005. Peltomyyré oli tavallisin
saalis. Huonoina myyrdvuosina muun ravinnon
osuus kasvoi molemmilla lajeilla. Télloin sarvi-
pollot saalistivat enemmaén hiirid ja niiden 1a-
hisukulaisia, tuulihaukkojen alkaessa saalistaa
enemmén hyonteisid. Erilaiset vaihtoehtoiset saa-
liskohteet voivat selittyd petojen erilaisella vuoro-
kausirytmilld, saalistustekniikalla tai saalistus-
ympdristdilld. Tutkimme myds, vaikuttaako pesin
ja kaupungin keskustan vilinen etéisyys saaliin
koostumukseen. Tuulihaukalla vaikutusta ei ha-
vaittavasti ollut, mutta sarvip6llolld kasvava etdi-
syys kaupungin keskustaan ndkyi myyrien kasva-
vana osuutena ravinnossa.
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Abstract Based on a long-term dataset (1999-2010), we
investigated how the availability of main prey affects the
breeding density and food ecology of the Tengmalm’s owl
(Aegolius funereus) in the Czech Republic. In particular,
we assessed the role of Microtus voles and Apodemus mice
in the diet, based on the main predictions of the optimal
diet theory that the diet composition depends on the
availability of the main prey. We found that (i) the Teng-
malm’s owl exhibited no numerical response to the avail-
ability of Microtus voles and Apodemus mice in the field;
(ii) the availability of Apodemus mice in the field positively
affected their proportion in the diet (26 %), and despite a
high proportion of Microtus voles in the owls’ diet (47 %),
no relationship was found between their availability in the
field and proportion in the diet; (iii) the proportion of
Apodemus mice was negatively correlated to the proportion
of Microtus voles, Sorex shrews and birds in the diet, but
no similar relationship was detected for Microtus voles;
(iv) the reproductive output of Tengmalm’s owls was
positively correlated to the proportion of Apodemus mice in
the diet, as well as to Apodemus mice and Microtus vole
availability in the field; and (v) diet diversity and diet
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overlap were not significantly affected by the abundance of
Apodemus mice and Microtus voles. Therefore, the validity
of these main optimal diet theory predictions was not
confirmed, especially for Microtus vole prey, due to an
opportunistic choice between Apodemus mice and Microtus
voles. We suggest that the reproductive output of nocturnal
raptors in Central Europe may be less dependent on
Microtus vole supply than that of their northern counterparts.

Keywords Aegolius funereus - Boreal owl - Diet
composition - Food availability - Reproductive output -
Temperate zone

Introduction

Small-mammal-eating raptors face multiannual changes in
the availability of their preferred prey. In general, they
have three main options for reducing their reproductive
costs during a food shortage. They can (i) move to another
area to breed, (ii) remain, but not breed (i.e., a numerical
response: Galushin 1974; Korpimiki 1984, 1994; Petty
et al. 1995, 2000; Poulin et al. 2001; Brommer et al. 2002;
Norrdahl and Korpimiki 2002; Millon and Bretagnolle
2008; Karell et al. 2009), or (iii) reduce their consumption
of main prey (i.e., a functional response: Korpimiki 1985a;
Steenhof and Kochert 1988; Korpimiki et al. 1994).

A numerical response was found in northern latitudes
where most vole-eaters are nomadic (e.g., Korpiméki 1984;
reviewed by Poulin et al. 2001). In Central Europe, these
relationships are not pronounced and other factors may also
influence spring raptor densities (e.g., winter climatic
conditions or the availability of breeding sites, Kostrzewa
and Kostrzewa 1991). A functional response is often fol-
lowed by an increase in diversity in the diet, as predicted
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by the optimal diet theory (Schoener 1971; Pulliam 1974).
As a consequence, food availability often has a positive
effect on the reproductive output of raptors, especially in
northern latitudes (Village 1981; Korpimiki 1986a, 1992;
Jedrzejewski et al. 1994; Potapov 1997; Salamolard et al.
2000). However, the reproductive response of raptors to
main prey availability may vary considerably with latitude
which directly affects the regularity of small-mammal
cycles (Jedrzejewski and Jedrzejewska 1996). In Northern
Europe, populations of small mammals show regular
cyclicality and great multiannual changes of abundance
(Hansson and Henttonen 1985). In contrast, there are no
regular prey cycles at temperate latitudes, although large
multiannual changes in abundance have been reported
(Tkadlec and Stenseth 2001).

In Northern Europe, Microtinae voles comprise the main
prey of most birds of prey and owls, and the proportion of
voles in the diet is usually closely related to their avail-
ability in the field (Korpiméki 1985b, 1986b, 1988, 1992).
Abundances of small rodents at northern latitudes usually
show regular 3-4 year cycles (Hansson and Henttonen
1985; Korpimiki and Hakkarainen 1991). When vole
abundance is low, the proportion of alternative prey in
the diet, usually Soricidae shrews and birds, increases
(Korpiméki 1985b). In Central Europe, voles are important
prey for birds of prey and owls, but their diet is regularly
enriched with other prey species (e.g., Village 1990;
Jedrzejewski and Jedrzejewska 1996; Salamolard et al. 2000).

The Tengmalm’s owl (Aegolius funereus) is a nocturnal
avian predator feeding mainly on small mammals
(Korpiméki 1981). In general, voles constitute its main
prey in Northern and Central Europe (Sulkava and Sulkava
1971; Korpiméki 1988; Schwerdtfeger 1988; Schelper
1989; Hornfeldt et al. 1990; Kloubec and Vacik 1990;
Pokorny et al. 2003). During vole scarcity, Tengmalm’s
owls in Northern Europe mainly take shrews (Sorex spp.),
birds and, albeit with lower frequency, mice as well of the
Muridae family (Micromys minutus, Mus musculus and
rarely A. flavicollis; Sulkava and Sulkava 1971; Korpiméki
1988; Hornfeldt et al. 1990). In contrast to northern pop-
ulations, Tengmalm’s owls from Central Europe regularly
enrich their diet with mice (Apodemus spp.), shrews, birds
and occasionally dormice of the Gliridae family
(Schwerdtfeger 1988; Schelper 1989; Kloubec and Vacik
1990; Holy 2002; Pokorny et al. 2003; Sobotova 2008;
Davidova 2009; Dvorackova 2009; Komrskova 2009; Vo-
palka 2012). However, there has been no long-term study
on the diet of the Tengmalm’s owl in relation to food
availability in Central Europe.

Based on a long-term dataset on the breeding ecology of
Tengmalm’s owls in the Ore Mountains (Czech Republic),
we aim to characterize the effect of food availability on
breeding density (i.e., the numerical response) and diet
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composition (i.e., the functional response) in Central
European Tengmalm’s owls. According to the optimal diet
theory predictions, the diet composition should depend
solely upon the availability of the main prey (Schoener
1971; Pulliam 1974). In particular, only the absolute
abundance of preferred prey is important for the optimal
diet and the relative abundance of non-preferred prey is
unimportant (Pulliam 1974). Secondly, the diet diversity of
predators should increase when the abundance of the pre-
ferred prey decreases (Schoener 1971). Thirdly, at fixed
food densities, a prey type is either included or completely
excluded from the diet. Since there is weak empirical
evidence for the third prediction and animals regularly
show partial preferences (reviewed by Pyke 1984), we used
the first and second prediction to assess the role of
Microtus voles and Apodemus mice in the diet of Teng-
malm’s owls. We also examined the relationship between
the proportion of each prey type in the diet and reproduc-
tive output. In order to distinguish main and alternative
prey, we tested the following predictions: (i) the main prey
is the most frequently encountered prey in the diet and its
proportion in the diet depends on its availability in the
field; (ii) the amount of the main prey consumed is nega-
tively associated with the amount of all other alternative
preys consumed in the diet; (iii) reproductive output is
positively associated with the amount of the main prey in
the diet and the main prey availability, but negatively
associated with diet diversity; and (iv) diet diversity
decreases and diet overlap increases among breeding pairs
with the increase of the main prey availability. Further-
more, we compared these results with those from northern
Tengmalm’s owl populations.

Materials and methods
The study area and Tengmalm’s owl population

This study was conducted between 1999 and 2010 in the
Czech Republic. The study area approximately 70 km?” in
size is situated in forests damaged by industrial air pollu-
tion on plateaus in the Ore Mountains (50°N, 13°E;
735-956 m a.s.l.), close to the border with Saxony. The
habitat at this study site is covered by spruce (Picea abies)
forest fragments, open areas, forest clearings (dominated
by wood reed Calamagrostis villosa), solitary trees (mostly
European beech Fagus sylvatica), and plantations of blue
spruce (Picea pungens), birch (Betula spp.), European
mountain ash (Sorbus aucuparia) and European larch
(Larix decidua). During the study period, we installed 164
nest boxes (100 in the first year) due to a lack of natural
nesting cavities. The yearly occupancy of the nest boxes
varied between 8 and 26 % (mean + SD; 14.0 + 6.0 %).
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Pellet analyses and reproductive parameters

Tengmalm’s owl females usually keep their nests clean
during incubation and brooding (Kuhk 1969; Korpiméki
1981), but they do not remove food remains and pellets
during the feeding period. Hence, a layer of pellets and
other prey remains accumulates at the bottom of the nest-
hole during the nestling period (Sulkava and Sulkava
1971). From 1999 to 2010, we recorded 195 breeding
attempts by Tengmalm’s owls (mean + SD; 16.3 + 5.6
nests per year) of which 103 were successful (i.e., at
least one fledgling produced during the breeding attempt).
We recorded the exact numbers of young produced in 93
nest boxes, although we did not record the exact number
of fledged chicks for the first year (1999). We analyzed
the diet composition of 121 nesting attempts (103 suc-
cessful nesting attempts and 18 failed nesting attempts or
abandoned nests). Nest abandonment was mainly caused
by pine marten (Martes martes) predation (n = 12). Prey
remains were collected during the period when most
young were present in the nest box (from late April to
the end of July) during regular nest visits (every
7-14 days). The remaining material from nest boxes was
collected after the chicks had fledged, as described in
Korpimiki (1981). The material was moistened using
water with a small amount of detergent added. The
material was dissolved in a 5 % NaOH solution (Schueler
1972), and the bony remains blanched using a 2-5 %
hydrogen peroxide solution. Small mammal species were
identified based on skull morphology according to the
method of Andéra and Horacek (2005), and feather
remains, beaks and skulls were used with a reference
collection for bird species.

In total, we determined 8,537 prey items (mean £ SD;
70.7 £ 31.5 items per nest box), of which 8,233 were
small mammals and 304 were birds. The majority of
small mammals were determined to species level
(63.2 %) and the rest were determined to genus (Apode-
mus or Microtus). Of the birds, we determined 262 indi-
viduals (86.2 %) to their species and/or genus. For the
purpose of further analyses, we divided prey items into
four groups: Microtus voles (field vole M. agrestis,
common vole M. arvalis, European pine vole M. subter-
raneus, and Microtus spp.), Apodemus mice (Apodemus
spp.), Sorex shrews (common shrew S. araneus and
pygmy shrew S. minutus) and birds. Scarce species, such
as the bank vole (Myodes glareolus), water vole (Arvicola
terrestris), house mouse (Mus musculus), southern
water shrew (Neomys anomalus), Eurasian water shrew
(N. fodiens), bicoloured shrew (Crocidura leucodon),
hazel dormouse (Muscardinus avellanarius), brown long-
eared bat (Plecotus auritus) and European mole (Talpa
europaea) were not included in the analyses.

Small-mammal availability

The abundance of small mammals was assessed using the
snap-trap capture method during the period from 1999 to
2010. The trapping was carried out at the start of June by
setting up snap traps in three one-hectare areas each year
(100 x 100 m squares with a 10-m spacing) (Pelikan
1971). The traps were left out for 3 days and checked daily
in the morning (for details, see Zarybnicka et al. 2011). We
calculated the number of captured individuals per 100 trap
nights in each trapping area. All captured mammals
(n = 368) were identified to species level and were
grouped into three small-mammal categories: Microtus
voles (field vole, common vole and European pine vole),
Apodemus mice, and Sorex shrews.

Statistical analyses

Using a linear regression analysis (STATISTICA software,
StatSoft, Inc. 2008) we examined the relationships between
(1) mean annual small-mammal abundances (independent
variable) and annual breeding density (dependent variable)
with a covariate number of nest boxes; (2) mean annual
abundances of voles, mice and shrews (independent vari-
ables) and annual diet composition (proportion of voles,
mice and shrews as dependent variables respectively);
(3) pooled mean annual abundances of voles and mice
(independent variables) and mean annual diet diversity
(Shannon’s index, Shannon and Weaver 1963) and mean
annual diet overlap (Pianka 1973, dependent variables); and
(4) the mean annual number of fledglings per nest (depen-
dent variable) and mean annual abundance of mice and
voles in the field and annual proportion of mice and voles in
the diet (independent variables). Using Spearman rank
correlations (STATISTICA software, StatSoft, Inc. 2008),
we examined relationships between mean annual propor-
tions of particular prey groups in the diet. The relationship
between the proportion of small-mammal genera in the field
and their proportion in the diet was expressed by Manly’s
standardized selection ratio B; with 95 % confidence
intervals (Manly et al. 2002). Statistical significance was
obtained using the Chi square test (STATISTICA software,
StatSoft, Inc. 2008).

Results

Abundance of small mammals

Apodemus mice were the small mammals captured most
frequently (48.1 %, represented almost exclusively by the

yellow-necked mouse), followed by Microtus voles
(23.6 %, mainly the field vole) and Myodes voles (18.2 %,
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bank vole) and the least overall abundances were recorded
for Sorex shrews (9.8 %, mainly common shrew; Table 1).
The abundance of Apodemus mice changed considerably
during the study period, with peaks in 2004, 2007 and
2010, while the abundance of Microtus and Myodes voles
did not change markedly except for an increase in 2010

(Fig. 1).

Table 1 Spring small-mammal abundances in the field and diet
composition of breeding Tengmalm’s owls (n = 121 nests) in the Ore
Mountains, Czech Republic during 1999-2010 (n indicates the
number of individuals)

Prey species or group Small-mammal Diet
abundance composition
n % n %
Microtus arvalis 4 1.1 355 4.2
M. agrestis 81 22.0 2,724 31.8
M. subterraneus 2 0.5 6 0.1
Microtus spp. 913 10.7
Myodes glareolus 67 18.2 268 3.1
Arvicola terrestris 1 0.3 25 0.3
Apodemus spp. 2,229 26.1
Apodemus flavicollis 172 46.7
Apodemus sylvaticus 5 1.4
Mus musculus 1 <0.1
Sorex araneus 34 9.3 1,334 15.6
Sorex minutus 2 0.5 214 2.5
Neomys anomalus 4 <0.1
Neomys fodiens 15 0.2
Crocidura leucodon 1 <0.1
Muscardinus avellanarius 141 1.7
Plecotus auritus 1 <0.1
Talpa europaea 2 <0.1
Aves 304 3.6
Total 368 100.0 8,537 100.0
871 e Apodemus spp.
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Breeding density

The yearly breeding density of the Tengmalm’s owl varied
between 0.15 and 0.44 breeding pairs per km* (n = 195
breeding attempts), representing (mean £ SD)
0.25 + 0.09 breeding attempts per km> The relationship
between the pooled abundance of Apodemus mice and
Microtus voles and Tengmalm’s owl breeding density was
not significant (the regression coefficient f = —0.25,
t = 8.104, P = 0.3776), and no significant relationship
was recorded for Microtus voles (B = —0.02, t = 6.310,
P = 0.1325) or Apodemus mice separately (f = —0.04,
t = 8.708, P = 0.2434).

Diet composition

Microtus voles were the dominant prey animals (46.8 %,
represented mainly by field voles), followed by mice
(26.1 %, Apodemus spp.), Sorex shrews (18.1 %, mainly
the common shrew), birds (3.6 %), bank voles (3.1 %,
Myodes glareolus) and other rodents (2.3 %, Table 1).
Birds were represented mainly by the chaffinch (Fringilla
coelebs, 17.2 % of the individual birds determined), song
thrush (Turdus philomelos, 10.3 %), European robin
(Erithacus rubecula, 8.8 %), warblers (Phylloscopus spp.,
7.3 %), other thrushes (Turdus spp., 6.9 %), blackbird
(Turdus merula, 4.2 %), yellowhammer (Emberiza citri-
nella, 3.4 %) and tits (Parus spp., 8.0 %).

The proportion of Apodemus mice in the diet correlated
negatively with the proportion of Microtus voles (Spear-
man rank correlations, r, = —0.78, P < 0.05), Sorex
shrews (r, = —0.59, P < 0.05) and birds (r, = —0.76,
P < 0.05). The proportion of Microtus voles did not cor-
relate with the proportion of Sorex shrews (P = 0.3125)
and birds (P = 0.4156). We found significant differences
between the total availability of small-mammal genera in
the field and their total proportion in the diet (Chi square

1999 2000 2001 2002 2003

2004

2005
Year

2006 2007 2008 2009 2010

Fig. 1 Changes in spring abundance of Microtus voles, Apodemus mice and Myodes glareolus voles in the field in the Ore Mountains, Czech
Republic from 1999 to 2010. Mean annual numbers of individuals per 100 trap nights and trapping area & SD are given
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test, x* = 56.1, df =3, P <0.0001). Microtus voles
(B; = 0.435, 95 % CI 0.194-0.676) and Sorex shrews
(B; =0.407, 95 % CI 0.171-0.644) were hunted dispro-
portionately more than would be indicated by the relative
size of their populations, while preferences for Myodes
voles (B; = 0.038, 95 % CI 0.002-0.074) and Apodemus
mice (B; =0.119, 95 % CI 0.016-0.222) were weak
(Fig. 2). Apodemus mice availability in the field positively
affected their proportion in the diet (B = 0.84, r = 2.796,
P = 0.0007; Fig. 3a), but this relationship was not signif-
icant for Microtus voles (f =0.01, = 5485,
P = 0.9875; Fig.3b) or Sorex shrews (= —0.05,
t = 3.332, P = 0.8754; Fig. 3c).

Il Diet
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Proportion of small-mammal genera
N
o
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—_
o
1

Microtus Myodes Apodemus Sorex

Fig. 2 Proportions of small-mammal genera in the diet of the
Tengmalm’s owl and in the field in the Ore Mountains, Czech
Republic from 1999 to 2010

Diet diversity (Shannon’s index, Table 2) was not sig-
nificantly affected by the pooled abundance of Apodemus
mice and Microtus voles in the field (f = —0.09,
t = 11.420, P = 0.7859). Furthermore, this relationship
was not significant when Apodemus mice (p = 0.01,
t = 12.268, P = 0.4156) and Microtus vole (f = —0.04,
t = 11452, P = 0.2894) abundances were examined sep-
arately. The mean diet overlap between pairs of nests was
high (mean £ SD; 0.876 + 0.072, Table 2), but we did not
find its relationship with pooled Microtus vole and
Apodemus mice availability in the field (B = 0.02,
t =27.493, P = 0.9581), nor when mice (= 0.02,
t = 30.301, P = 0.9464) and voles (p = 0.14, t = 23.548,
P = 0.6644) were examined separately.

Reproductive output

No relationship was found between the mean number of
fledged young and diet diversity (B = —0.10, r = 1.861,
P = 0.7621), but we found a positive relationship between
the proportion of Apodemus mice in the diet and the mean
number of fledglings (B = 0.72, + = 4.708, P = 0.0130;
Fig. 4a). We also found significant positive relationships
between the number of fledged young and the availability
of Apodemus mice (B =0.78, t = 7.226, P = 0.0051;
Fig. 4b) and Microtus voles in the field (B = 0.75,
t = 4.668, P = 0.0077; Fig. 4d). The relationship between
the proportion of Microtus in the diet and number of
fledglings was not significant (B = —0.03, = 3.937,
P = 0.4365; Fig. 4c¢).

Discussion
As with other raptors in Central Europe (Kostrzewa and

Kostrzewa 1991), we did not find a significant correlation
between small-mammal abundance and Tengmalm’s owl

Apodemus mice in field

Fig. 3 Relationships between the proportion in the diet and spring
abundance in the field for a Apodemus mice, b Microtus voles and
¢ Sorex shrews. Proportions of prey in the diet are given as the annual

Microtus voles in field
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@ Springer



358

Popul Ecol (2013) 55:353-361

Table 2 Number of

s . Years Number of nesting H Diet overlap Abundances of voles and
Tengmalm’s owl nesting .
it attempts (mean &+ SD)  (mean + SD) mice

attempts, mean Shannon’s
diversity index (H), diet 1999 0.781 + 0.189 0811 £ 0.173 2.39
overlap, and abundances of
Microtus voles and Apodemus 2000 5 0.894 £+ 0.325 0.723 £ 0.204 0.18
mice in the field (the number of 2001 12 0.979 £ 0.137 0.834 £ 0.155 0.55
individuals per 100 trap nights 2002 18 0.535 £ 0.214  0.946 = 0.081 0.83
:E]‘L;“g‘r“g area) for each 2003 7 0.860 & 0.381 0.875 + 0.138 1.01

2004 9 0.712 £ 0.094 0.864 £ 0.139 6.15

2005 8 0.791 £ 0.217 0.940 £ 0.051 1.01

2006 18 0.629 £ 0.193 0.946 &+ 0.055 0.28

2007 9 0912 £ 0.205 0.951 £ 0.043 4.96

2008 7 1.084 £ 0.151 0.825 + 0.130 0.73

2009 8 0.574 £ 0.225 0.965 £ 0.044 0.92

2010 11 0.702 £+ 0.097 0.827 £ 0.107 5.23

Mean + SD  10.08 £ 3.95 0.788 £+ 0.159 0.876 £ 0.072 2.04 £ 2.06

Fig. 4 Relationships between
the number of fledglings and

a the proportion of Apodemus
mice in the diet of the
Tengmalm’s owl, b the
abundance of Apodemus mice in
the field, ¢ the proportion of
Microtus voles in the diet and
d the abundance of Microtus
voles in the field. Values are
given as the mean number of
fledglings per nest box, annual
proportions of prey items in the
diet or mean annual abundances
in the field (the number of
individuals per 100 trap nights
and trapping area). Linear
regressions were used

Number of fledglings
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breeding density. We suggest that a combination of other
factors, such as predation by pine martens and weather
conditions, may offer a better explanation of changes
in Tengmalm’s owl breeding density in our study area
(M. Zarybnicka and K. Sfastny, unpublished data).

The diet of Tengmalm’s owls in our study consisted
predominantly of small mammals (96 %). This proportion
is similar to Tengmalm’s owl diet compositions reported
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from higher latitudes in Northern Europe (Sulkava and
Sulkava 1971; Korpiméki 1981, 1986b, 1988; Hornfeldt
et al. 1990). In northern populations, voles (mainly
Microtus spp. and bank voles) represent 60-90 % of
the Tengmalm’s owl’s diet (Sulkava and Sulkava 1971;
Korpimiki 1988; Hornfeldt et al. 1990). In addition to
voles (50 %, represented mainly by Microtus voles), we
also recorded a high proportion of Apodemus mice (26 %)
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in the diet of our Tengmalm’s owls. This result is likely
due to the geographical distribution of mice (namely the
yellow-necked mouse) which makes them less available as
prey in the north (Aulagnier et al. 2008). Similarly to these
findings, voles (15-75 %) and Apodemus mice (10-40 %)
were the most frequent prey of Tengmalm’s owls during
the breeding season in other areas of Central Europe
(Schelper 1972, 1989; Benes 1986; Schwerdtfeger 1988;
Kloubec and Vacik 1990; Pokorny et al. 2003; Rymesova
2006).

Based on the high proportion of Microtus voles in the
diet of Tengmalm’s owl in our study area, it might be
expected that its diet composition would be driven by
Microtus vole availability in the field, as predicted by the
optimal foraging theory (i.e., our first prediction). However,
we found a positive relationship between Apodemus mice
availability in the field and their proportion in the diet, while
this relationship was not significant for Microtus voles. In
comparison, Korpiméki (1988) showed a clear positive
relationship in Northern Europe between the proportion of
Microtus voles in the diet and their availability in the field.
We suggest that this difference may be partially explained
by the exclusively nocturnal activity of Apodemus mice
compared to the cathemeral activity of Microtus voles
(Halle and Stenseth 2000), together with the mice’s pref-
erence for wooded habitats (Andéra and Horacek 2005).
Therefore, mice in Central Europe are suitable prey, with
similar activity and habitat preferences to Tengmalm’s
owls. Simultaneously, our owls exploited Microtus voles
more than would be indicated by the relative size of their
populations in the field. This can be explained by their
lesser mobility and preference for open habitats (Andéra
and Horacek 2005) making them more vulnerable to capture
in general, especially during poor Microtus vole years
(2000, 2003 and 2006). Alternatively, the absence of a
functional response to the availability of Microtus voles can
be partially explained by the frequent records of decapitated
vole prey found in nest boxes, which may cause their
underestimation in the diet (Zarybnicka et al. 2011). This is
because most of the species-specific features are concen-
trated in the head, and it is therefore difficult to identify
decapitated samples. Unfortunately, we have no detailed
data to compare decapitation rates in voles and mice.

The underrepresentation of mice in the diet may be
explained by their greater mobility (Niethammer and
Krapp 1978, 1986), and thus they are probably caught only
when their abundance increases considerably. In agreement
with this, the proportion of mice in the diet increased in
2004 and 2007 (60.3 and 61.6 %, respectively), when their
availability in the field was extremely high. In 2010, we
recorded a similar availability of Microtus voles and
Apodemus mice in the field, and their proportion in the diet
was almost the same (41.7 vs. 39.6 %, respectively).

The proportion of Sorex shrews (18 %) and birds (4 %)
in our study was comparable to that of Central and Northern
European populations (Sulkava and Sulkava 1971; Schelper
1972, 1989; Benes 1986; Korpimiki 1988; Schwerdtfeger
1988; Hornfeldt et al. 1990; Kloubec and Vacik 1990;
Pokorny et al. 2003; Rymesova 2006). Sorex shrews were
exploited disproportionately more than would be indicated
by the relative size of their population. Birds were repre-
sented mainly by thrushes, finches and tits. The high
abundance of these bird species as prey has also been
documented by other authors (Sulkava and Sulkava 1971;
Schelper 1972, 1989; Korpiméki 1981, 1988; Pokorny
2000; Pokorny et al. 2003). We suggest that these species
are probably easy for Tengmalm’s owls to hunt, due to their
conspicuous behaviour (e.g., singing from elevated points).

According to our second prediction, the proportion of
main prey should negatively affect the proportion of other
prey items in the diet. We found that the proportion of
Apodemus mice negatively correlated with the proportion
of Sorex shrews, birds and Microtus voles in the diet. The
proportion of Microtus voles did not correlate with the
proportion of birds and shrews in the diet, probably due to
its overall high proportion in the diet (see above).
According to our second prediction, Apodemus mice may
also be considered as main prey. Simultaneously, we can
consider birds and shrews as alternative prey. The great
importance of Apodemus mice in the diet of our Teng-
malm’s owls also highlights the positive relationship
between the mean number of fledged young and the pro-
portion of Apodemus mice in the diet, as well as their
availability in the field (i.e., our third prediction). This
relationship was also found for Microtus voles, but only the
abundance of Microtus voles in the field was positively
related to the number of fledged young. This is in line with
the results from northern latitudes, where Korpimiki
(1987) showed a positive correlation between spring
Microtus vole availability and both the clutch size and
number of fledglings.

We did not detect a negative relationship between diet
diversity and main prey availability which contradicts our
fourth prediction. This relationship was not significant for
Microtus voles, Apodemus mice, or for pooled datasets.
This is likely a consequence of there being two main prey
types in the Tengmalm’s owl’s diet, a higher than expected
proportion of Microtus voles in the diet (especially during
poor vole years), together with the absence of regular
cycles of vole and mice abundance in Central Europe
(Korpiméki 1986c; Jedrzejewski and Jedrzejewska 1996).
Furthermore, the mean diet overlap did not correlate either
with abundances of Microtus voles or Apodemus mice in
the field, nor with the pooled dataset.

The optimal diet theory assumes that predators should
hunt the most valuable prey types when prey is abundant
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(Schoener 1971; Pulliam 1974). Apodemus mice and
Microtus voles are of similar weight (20-30 g per individ-
ual; Zarybnicka et al. 2009), and thus represent a similar
energy gain. Therefore, voles can be substituted by mice—
and vice versa—according to their availability in the field,
and thus both represent main prey for our Tengmalm’s
owls. It has been documented that Central European owls
foraging on Microtus voles and Apodemus mice exhibit
lower feeding rates to produce a similar number of fledg-
lings, compared to northern owls foraging on voles and
shrews (Zarybnicka et al. 2009, 2012). Thus, based on
previous tests, we believe that Tengmalm’s owls breeding
in Central Europe benefit from not being fully dependent on
voles as prey and less pronounced cyclicity of vole abun-
dance. In contrast, the reproductive output of Tengmalm’s
owls from northern populations depends entirely on vole
abundance (Korpimiki 1988; Korpiméiki and Hakkarainen
1991). As far as is known, this is the first study from Central
Europe showing that the diet composition and reproductive
output of a nocturnal raptor can be influenced by two main
prey types. We were not able to find clear support for the
predictions of the optimal diet theory for Microtus vole prey
in Tengmalm’s owls breeding in Central Europe.
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Abstract

During the years 2008-2014, we studied diet composition, number of breeding pairs, and
reproductive output of Tawny Owls in Central Europe (Czech Republic) in relation to
availability of main prey in the field. We also performed a meta-analysis on diet composition
of Tawny Owl in Europe that confirmed the important role of Apodemus mice in Tawny owl
diet in Central Europe. In concordance, Apodemus mice were the main prey of Tawny Owl
in our study area (38.7%), and Microtus/Myodes voles (15.4%), birds (12.1%) and others
(33.8%) were alternative prey. We found a positive relationship between the proportion of
Apodemus mice in the diet and their abundance in the field (beta=0.23, P=0.001). Availability
of main prey (Apodemus mice, Microtus/Myodes voles or Sorex shrews) in the field was not
correlated with number of breeding pairs. Proportion of birds in diet (expressed by scores
from multivariate analysis), which was inversely related to proportion of Apodemus mice,
was positively correlated with laying date (beta = 0.66, P =0.012) and negatively correlated
with clutch size (beta = -0.45, P = 0.004) and brood size (beta = -0.16, P = 0.076). We also
found negative relationships between laying date and clutch size (beta = -0.13, P= 0.014)
and brood size (beta = -0.07, P = 0.057). Our results support the idea that diet and breeding
ecology of owls in Central Europe is mainly driven by the availability of Apodemus mice that
are suitable prey due to their similar habitat requirements and nocturnal activity.

Key words Diet composition - Hunting - Laying date - Nocturnal predator - Prey choice -
Reproduction

Introduction

The consumption of main prey by raptors is often positively correlated with prey density in
the field (i.e., functional response). These relationships have been documented for various
raptor species (e.g., Snowy Owl Nyctea scandiaca - Gilg et al. 2006; Tawny Owl Strix aluco
- Roulin et al. 2009; Rough-legged Hawk Buteo lagopus - Therrien et al. 2014). However,
variation in the proportion of main diet components can also be found within one year.
For example, Boreal Owl (4egolius funereus) males in Norway hunted mainly Myodes
voles during snow cover and when the snow disappeared they switched to Microtus voles
(Jacobsen and Sonerud 1993). Thus, availability of main prey can considerably change both
between- and within-years which may cause changes in raptors’ feeding tactics.

Changes in prey density may further trigger different responses that depend on
the importance of main prey in the diet and availability of alternative prey. Predators that
depend on a main prey whose abundance fluctuates widely on a cyclical basis and where
alternative prey does not compensate for these changes often show a positive relationship



between density of main prey and number of breeding pairs (i.e., numerical response). These
responses have been found in some avian predators, especially at northern latitudes (e.g., six
raptor species - Korpimiki 1994; Ural Owl Strix uralensis - Brommer et al. 2002; Snowy Owl
Nyctea scandiaca - Gilg et al. 2006; Tawny Owl Strix aluco - Karell et al. 2009; Northern
Saw-whet Owl Aegolius acadicus - Bowman et al. 2010), but also at temperate latitudes of
the Northern Hemisphere (e.g., Montagu’s Harrier Circus pygargus - Salamolard et al. 2000;
Millon and Bretagnolle 2008). The mechanisms beyond these relationships are nomadism
and changing proportion of breeding/non-breeding individuals according to food supply at a
locality, however the factors that influence population size and growth may be more complex
(Hone and Sibly 2002). Some studies from temperate latitudes show a lack of numerical
response (e.g., Boreal Owl - Zarybnicka et al. 2013, 2015a) that may be caused by exploiting
more than one main prey type or no pronounced between year changes in prey abundances
(i.e., small mammals), both leading to more stable numbers of breeding pairs between years.
Similarly, owl populations in urban areas may not exhibit a numerical response to main prey
because of the use of more than one alternative prey types or modified hunting behaviour
(e.g., Long-eared Owl Asio otus - Lovy 2007).

Prey abundance may also affect demographic components. Most evidence in birds of
prey abundance comes from variations in breeding performance. During good trophic years
pairs produce more young compared to poor trophic years (e.g., Long-eared Owl - Korpimaiki
1992; Sergio et al. 2008; Montagu’s Harrier - Millon and Bretagnolle 2008; Barn Owl Tyto
alba - Pavluvcik et al. 2015). Beyond these relationships various behavioural adaptations such
as hatching asynchrony (e.g., Valkama et al. 2002) and siblicide or fratricide (e.g. Margalida
et al. 2004) have been brought to light. However, within-year variability in reproductive
performance has also been described (e.g., Verhulst and Nilsson 2008). Both observational
and experimental studies have shown that under good trophic conditions raptors often lay
earlier and produce larger clutches and broods (e.g., Dijkstra et al. 1980; Beukeboom et al.
1988; Dijkstra et al. 1990; Aparicio 1994; Korpimdki and Wiehn 1998; Lehikoinen et al.
2011; Catry et al. 2017).

The Tawny Owl is a medium-sized nocturnal opportunistic predator inhabiting almost
the whole of Europe excluding northern areas (Cramp and Simmons 1988). It breeds in tree
cavities that can be successfully substituted with nest boxes (e.g., Roulin et al. 2009). The diet
composition of the Tawny Owl has been studied across the whole of Europe (e.g., Sunde et al.
2001; Zawadzka and Zawadzki 2007; Obuch 2011). Although, rodents are generally the most
common Tawny Owl prey, some populations or individuals show high proportions of other
components (especially birds and amphibians). Similarly, the representation of the two most
available rodent groups in Tawny Owl diet (Apodemus mice and Microtus/Myodes voles)
is variable and probably reflects their availability in the field (Obuch 2011). More recently,
there is a growing body of evidence that Apodemus mice and not Microtus/Myodes voles are
the main prey of several Central European owl species (Marchesi et al. 2002; Roulin et al.
2009; Zarybnicka et al. 2013; Chausson et al. 2014).

The main aim of this study is to reveal the role of main prey in the ecology of the
Tawny Owl population in Central Europe. To assess the importance of different prey across
Europe, (1) we performed a meta-analysis of diet composition of Tawny Owl. Further, (2)
we analyzed the diet composition of Tawny Owl in our study area (Central Bohemia) and
tested the effect of prey availability on diet composition. We also assessed (3) the effect of
prey availability on the number of breeding pairs. Finally, (4) we tested the effect of diet
composition on breeding performance both between-years (i.e., clutch size, brood size and
number of fledglings) and within a year (i.e., the relationship with laying date).



Methods

Study area

The study was conducted between the towns of M¢lnik and Mnichovo Hradisté (district
Mlada Boleslav) in Central Bohemia (50°30°N, 14°47°E, 190 km?, 220-400 m a. s. 1.). The
landscape within the study area changes from southwest to northeast. The southwestern part
of the area is situated in CHKO Kokoftinsko along the river PSovka, in the vicinity of the
town MsSeno. The landscape has a canyon like character with typical eroded sandstone rocks
covered mainly by forest (forests 46.7%, arable land 40.1%, permanent crops, orchards and
meadows 11.4%, urban areas 1.3%, water surfaces 0.5%). The northeastern part of the area is
located in the vicinity of the town Mnichovo Hradisté and is more developed and more used
for agriculture than the former (arable land 39.8%, forests 33.1%, permanent crops, orchards
and meadows 21.9%, urban areas 3.5%, water surfaces 1.7%). The forests within the study
area consist mainly of acidophilus beech and pine-oak forests dominated by Scots Pine Pinus
sylvestris (60%) and Norway Spruce Picea abies (20%).

During the years 2008-2014, a total of 60 nest boxes were installed within the study
area. The nest boxes were made of spruce wood, the bottom measured 30 X 30 cm and
height was 55 cm (back) and 45 cm (front). The entrance hole was 17.5 cm in diameter. Nest
boxes were checked each year at the end of March to detect nest box occupancy. Occupied
nest boxes were further checked at least three times to assess reproductive parameters and
collect material for diet composition analyses. During the autumn, we repaired damaged
nest boxes and prepared them (i.e., cleaning the leaf litter) for the next breeding season. The
annual occupancy of nest boxes varied between 12 and 20% per year (mean £+ SD, 15.7 £ 4.0,
Table 1). When we recorded predation by martens (Martes sp.), the nest box was relocated
during the following winter.

Table 1. Nest box occupancy and reproductive parameters of Tawny Owl during the years
2008-2014

Number of Numbe'r of Clutch size . Number of .
Year available occupied per Brood size per fledglings per Reproduczlve

nest boxes neszozgxes nest box £ SD nest box £ SD nest box £ SD success (%)
2008 30 6 (20) 3.7+1.0 22+1.3 20+£13 55
2009 50 6 (12) 33+0.8 20+14 1.8+1.2 55
2010 59 12 (20) 47+0.7 32+19 2.8+1.9 61
2011 58 7(12) 27+1.1 14+14 1.3+£1.1 47
2012 57 11 (19) 41=+1.3 1.9+£22 1.6+2.2 40
2013 57 7 (12) 34+123 29+1.8 29+1.8 83
2014 57 8 (14) 28+1.2 1.6+1.8 1.3£1.8 45




Food supply

The abundance of small mammals was assessed using the snap-trap capture method (Pelikan
et al. 1972). The captures were carried out twice each year (2008-2014) during the turn of
March and April and during the turn of September and October. The traps were laid out in
four squares within the study area (two squares on meadows and two squares in forests).
Each square covered an area of 100 X 100 m, a couple of traps were placed within a span of
10 m with a total of 242 traps at 121 points in each square. The traps were exposed for three
nights and checked once a day in the morning to avoid data losses caused by scavengers. All
caught mammals were determined to species (n = 1,267 individuals).

Diet composition

Pellets and prey remains from the nest box bottom (i.e., rubble) were collected in the breeding
period during three visits to nest boxes occupied by Tawny Owl. The first visit was carried
out in order to check for nest box occupancy, the second visit took place during the presence
of the chicks in the nest box and the third visit immediately after the chicks had fledged. The
material from the nest boxes was put into a 5% solution of NaOH for one day (Schueler 1972).
Feather remains were carefully picked up before the dissolving process. After the hair debris
were dissolved, the samples were rinsed using a dense sieve under running water. Washed
samples were then dried and bones were sorted into various categories including mammalian
jaw bones and bird beaks, tarometatarsi, humeri and metacarpal bones. Small mammals were
determined by identifying skulls using Andéra and Horacek (2005), and birds by feathers and
beaks using a reference collection. Thrush-sized and sparrow-sized birds were determined
using humeri and/or femuri. Number of individuals was assessed according to the maximal
number of a particular bone from the left and right side of a prey body or according to the

Fig. 1 Changes in abundances of small mammals in the field during the years 2008-2014
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maximal number of parts that can be found on a prey body (e.g., humeri, femuri and number
of upper and lower incisors). We determined 2,268 individuals to 38 taxa based on 24,134
bone and feather remains from fledglings’ pellets found in 39 nest boxes (mean + SD, 58.1
+ 38.0) of which 1,916 individuals were rodents. In 604 cases (31.5%), only upper or lower
incisors were present, and individuals were considered as non-determined rodents. For the
purpose of further analyses, diet components were classified into seven main groups: Birds,
Muridae - mainly Apodemus sp. mice (less frequently also Mus musculus, Rattus norvegicus),
Arvicolidae - mainly Microtus/Myodes sp. voles (less frequently also Arvicola terrestris),
Soricidae - mainly Sorex sp. (Sorex araneus, Sorex minutus, rarely also Neomys fodiens),
Gliridae (Glis glis, Muscardinus avellanarius), and non-determined rodents and amphibians
(Table S1 in Electronic Supplementary Material).

Reproductive success

We estimated reproductive success based on visits to nest boxes during the breeding season.
We recorded the number of eggs and chicks in the nest box and the number of fledged young.
During the study period, we recorded a total of 57 nesting attempts of Tawny Owl (mean =+
SD, 8.1 &+ 2.4 per year). From these attempts, 39 were successful (at least one fledgling was
produced) with a total of 114 fledglings produced (mean = SD, 2.9 £+ 1.4 per nest). During
nest box visits we determined the age of chicks to assess approximate laying date (i.e., day
from 1 January of particular year).

Statistical analyses

Meta-analysis of literature data was performed in Canoco 5 software, using redundancy
analysis (RDA) that is suitable for calculating inter-correlated variables (Smilauer and
Leps 2014). The data unit was each study (Table S2 in Electronic Supplementary Material).
Log-transformed percentages of the numbers of the following prey were used as response
variables: Apodemus mice, Myodes and Microtus voles, Gliridae dormice, insectivores, other
mammals (mainly bats), birds, insects, amphibians and other groups (mainly lizards, fish and
invertebrates apart from insects - e.g., crayfishes and slugs). The number of determined prey
items in each study was used as a covariate. We tested the effect of latitude and longitude
on diet composition, statistical significances were obtained using Monte-Carlo permutation
tests.

Multivariate data on the effect of environmental factors on diet composition were
calculated using variance partitioning by principal coordinate analysis of neighbour
matrices (PCNM) in Canoco 5 software (ter Braak and Smilauer 2012), the method recently
recommended by Marrot et al. (2015). This multivariate analysis enabled us to separate the
effect of space predictors (i.e., geographical position of nest box) from the effect of primary
predictors (Legendre and Legendre 2012). Moreover, this analysis is suitable for calculating
inter-correlated variables, such as proportions of diet items (i.e., when the proportion of one
item increases, the proportion of other items decreases), since all these variables enter the
analysis simultaneously. The analysis included nine steps: (1) primary predictor test (i.e.,
preliminary test of the overall effect of primary predictors on the dataset), (2) primary
predictor selection by partial redundancy analysis (RDA) using forward selection based
on partial Monte-Carlo permutation tests, (3) principal coordinate analysis (PCoA) based
on Euclidean distances (i.e., finding the main space predictors based on coordinates), (4)
PCNM for all predictors (i.e., preliminary test of the overall effect of space predictors on



the dataset), (5) PCNM selection (i.e., the choice of space predictors based on coordinates
using forward selection and partial Monte-Carlo permutation tests), (6) spatial effects
analysis (i.e., assessing the amount of variability explained by space predictors), (7) primary
predictor effects analysis (i.e., assessing the amount of variability explained by primary
predictors), (8) joint effects analysis (i.e., assessing the amount of variability explained
by both predictor types) and (9) removal of spatial effects (Smilauer and Lep§ 2014). The
data unit was represented by each nesting attempt. Response variables were represented as
percentages of the numbers of each main diet component (Apodemus mice, Microtus/Myodes
voles, Gliridae, Rodentia unidetermined, insectivores, birds and amphibians) that were log-
transformed prior to analysis as recommended by Smilauer and Lep$ (2014). As a covariate
we used the total number of identified prey items in the nest box. Nest box ID and year were
used as random factors to eliminate biases in occupancy rate among nest boxes during the
study period. The following factors were used as explanatory variables: spring, autumn and
total yearly abundance of main small mammal groups (Microtus/Myodes voles, Apodemus
mice, Sorex shrews - individuals/ha) and also their abundances in the previous year. Statistical
significance was obtained by Monte-Carlo permutation tests.

Partial regressions between number of breeding pairs and abundance of prey in
the field were computed for each prey species separately using regressions in Statistica 12
software. We used proportion of occupied nest boxes as the dependent variable and abundance
of a particular prey species in the field (individuals/ha) as the independent variable. Using the
same method, we analyzed relationships between abundance of Apodemus mice in the field
(independent variable) and its proportion in the diet and clutch size (dependent variables),
and between laying date (dependent variable) and clutch size and brood size (independent
variables).

The effect of diet composition on breeding parameters (laying date, clutch size, brood
size and number of fledglings) was tested using scores from the first and second ordination
axes (from the above mentioned PCNM analysis) that represented the main gradients in
our dataset (i.e., gradient of unidentified rodents - Microtus/Myodes and Gliridae on first
ordination axis, and gradient Apodemus mice - birds and insectivores on second axis). A diet
item was considered to be associated with an ordination axis when the value of its regression
coefficient reached at least 0.6. Further, we built a GLM model (dependent variable - laying
date) and GLMM models (dependent variables - clutch size, brood size and number of
fledglings) with scores from the first and second ordination axes, year and nest box ID as
independent variables. In GLMM models, we used previous reproductive stage as covariates
(i.e., laying date in the analysis of clutch size, clutch size in the analysis of brood size and
brood size in the analysis of number of fledglings) to eliminate their influence on subsequent
breeding stages. Since data on laying date did not significantly differ from Gaussian
distribution (Kolmogorov-Smirnov test, P = 0.226), we used identity link function in the
GLM analysis. In GLMMs, we used log link function for Poisson distributions. We used
forward selection of independent variables using AIC criterion and showed only significant
results.



Results

Food supply

Between the years 2008-2014, we caught 1,267 individual small mammals. Microtus voles
were the most frequently captured small mammals (87.2%, represented almost exclusively
by the common vole M. arvalis), other groups of small mammals were less common (Myodes
voles 4.7%, Sorex shrews 4.3% and Apodemus mice 3.7%). The total yearly abundance
(pooled spring and autumn abundance) of Microtus arvalis showed peaks in 2008, 2011
and 2014, while the abundance of Apodemus mice and Myodes voles showed increased
abundances in 2010 and 2012. Sorex shrews had low between-year variability in abundance
with a maximum in 2012 (Fig. 1).

Diet composition

Meta-analysis of literature data showed that the diet of Tawny Owl in Europe can be divided
into four main groups based on their positions within the ordination space (Fig. 2). First, the
group including Apodemus mice, Gliridae dormice and other groups, proportions of which
showed positive correlations with the first ordination axis (regression coefficients; Apodemus
mice: 0.98, Gliridae dormice 0.97, other groups 0.88). Second, proportions of Myodes/
Microtus voles and insectivores that were negatively correlated with the first ordination
axis (regression coefficients; Microtus voles -0.90, Myodes voles -0.77, insectivores -0.49).
Third, other mammals and amphibians, proportions of which were independent of the
above mentioned groups and were negatively correlated with the second ordination axis
(regression coefficients; other mammals -0.76, amphibians -0.84). Fourth, birds and insects,
proportions of which were independent of the above mentioned prey groups and did not
correlate with any ordination axis (Fig. 2). Latitude and longitude significantly affected the
diet of Tawny Owl within its European range (RDA analysis; latitude: F = 7.80, P = 0.004,
longitude: F =3.10, P = 0.008). Latitude was negatively correlated with the first ordination
axis (regression coefficient -0.64) and longitude was negatively correlated with the second
ordination axis (regression coefficient -0.47). In Northern Europe, the diet of Tawny Owl
is mainly dominated by insectivores, Myodes and Microtus voles. Towards the South, we
recorded an increased proportion of Apodemus mice, and Gliridae dormice. Proportions
of insects and birds were not related to latitude. Towards the East, we recorded increased
proportions of amphibians and other mammals (e.g., Rattus norvegicus).

In the diet of our Tawny Owls rodents dominated (84.5%), alternative prey were birds
(12.1%), frogs (2.2%) and insectivores (1.2%) represented by three Soricidae species (Sorex
araneus, S. minutus and rarely Neomys fodiens). 31.5% of rodents were unidentified. Within
determined rodents Apodemus mice represented the most dominant prey item (66.9%),
Myodes (17.3%) and Microtus voles (9.4%) were less represented. Other rodents (Mus mice,
water vole Arvicola terrestris, rat Rattus norvegicus and Gliridae dormice, mainly Glis glis
and Muscardinus avellanarius) formed a minor proportion of the rodent prey (< 4%). The
proportion of main mammal groups varied between years, Apodemus mice formed 36.8 -
72.6% of determined mammals. When the proportion of Apodemus mice in the diet decreased,
the representation of Microtus voles (23.3% in 2009 and 2011, yearly median 8.0%), Myodes
voles (24.1% in 2011, yearly median 16.9%) and insectivores (14.0% in 2009, yearly median
2.2%) increased.



Fig. 2 The effect of latitude and longitude on the diet composition of Tawny Owl in Europe.
Meta-analysis of literature data (RDA analysis, I and II ordination axes explain 34.0% of
variability). Data taken from: (1) Adénez (2000); (2) Balc¢iauskiene et al. (2006); (3) Baudvin
and Jouaire (2006); (4) Capizzi (2000); (5) Capizzi and Luiselli (1998); (6) Grzedzicka et
al. (2013); (7) Kirk (1992); (8) Kuhar et al. (2006); (9) Marchesi et al. (2006); (10) Delmee
et al. (1979); (11, 12, 13, 14, 16, 17, 18, 19) Obuch (2011); (15) Uttendorfer (1939, 1952);
(20) Overskaug et al. (1995); (21) Petty (1999); (22) Romanowski and Zmihorski (2009);
(23) Sergio et al. (2007b); (24) Solonen and Karhunen (2002); (25) Sunde et al. (2001);
(26) Wiacek et al. (2009); (27) Zalewski (1994); (28) Zawadzka and Zawadzki (2007); (29)
Zmihorski and Osojca (2006) and (30) this study
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Representation of birds in the diet was variable with maxima in 2009 (42.4%)
and 2011 (38.8%), reaching median 24.2%. The thrush-sized (33.2%) and sparrow-sized
birds (37.2%) dominated among bird prey items. The most frequently caught determined
species was Blackbird Turdus merula (9 ex., 3.3%). We also determined three individuals of
Great Spotted Woodpecker Dendrocopos major, two individuals of Eurasian Jay Garrulus
glandarius and one unidentified parrot species (Psittaciformes, Online Resource 1). In two
nest boxes, we determined individuals of amphibians (unspecified frogs, Anura) that formed
up to 33.0% of the diet by numbers. Finally, we found one maxilla of a small predatory fish.

We found a significant effect of single space predictor on diet composition (PCNM,
principal coordinate PCO.4, 2.8% of explained variability, F = 3.3, P = 0.039), but more
variability was explained by primary predictor abundance of Apodemus mice in the field
(16.8% of explained variability, F = 4.01, P = 0.028). Abundance of Apodemus mice in the
field was negatively correlated with the second ordination axis (regression coefficient 0.96,
Fig. 3a). We also found a positive relationship between the proportion of Apodemus mice
in the diet and their abundance in the field (regression, R? = 0.50, F = 12.63, beta = 0.23,
P=0.001, Fig. 3b). Proportion of Apodemus mice was negatively correlated with the second
ordination axis and proportions of birds and insectivores (mainly Sorex sp.) showed a positive
correlation with this ordination axis. Proportions of Microtus/Myodes voles and Gliridae were
positively correlated with the first ordination axis and unidentified rodents showed a negative
relationship with this ordination axis. These two main gradients of diet composition were
independent of each other. Proportions of amphibians did not show significant correlation
with any ordination axis (Table 2, Fig. 3a).

Table 2. Regression coefficients for the proportions of main diet items with first and second
ordination axes based on PCNM analysis of diet composition of Tawny Owl (values above
0.6 are in bold)

Prey item First axis Second axis
Birds 0.21 0.84
Apodemus mice 0.24 -0.92
Microtus/Myodes voles 0.89 -0.26
Gliridae 0.65 0.22
Rodentia unidetermined -0.86 0.26
Insectivora 0.45 0.85
Amphibians 0.26 -0.30

Population size

Based on the dataset from seven years, we did not find significant relationships between
the number of breeding pairs and the abundance of Apodemus mice in the field (regression,
R?*=10.30, F = 2.18, beta = 0.55, P = 0.199), Microtus/Myodes voles (regression, R? = 0.01,
F =0.04, beta=0.09, P = 0.854) nor Sorex shrews in the field (regression, R*=0.01, F =0.06,
beta=-0.11, P=0.818).



Table 3. The effect of diet composition and year on laying date and reproductive parameters
of Tawny Owl. GLM (F values) and GLMM (Chi values) analyses

Percentages
Method Dependent Covariate Indgpendent df | of explained | Beta | F/Chi P
variable variable .
variability
Score from
GLM | Laying date second 37 16.0 0.66 | 7.05 | 0.012
ordination
axis
Year 31 33.6 2.60 | 0.036
Score from
GLMM | Clutchsize | -2ving | second 37 6.8 045 | 8.12 | 0.004
date ordination
axis
Score from
Brood size | Clutch | second 37 2.4 016 | 3.15 | 0.076
size ordination
axis

Fig. 3 The effect of (a) abundance of
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Fig. 4 Regression relationships between laying date (i.e., day from 1 January) and (a) clutch
size (P=0.014) and (b) brood size (P = 0.057) and (c) the relationship between abundance of
Apodemus mice in the field and clutch size (P = 0.002). For all relationships, n = 39 nesting

attempts
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Reproduction

During the years 2008-2014, the studied Tawny Owls produced 208 eggs and 127 young
(57 breeding attempts). Tawny Owl pairs produced (mean = SD) 3.7 + 1.2 eggs, 2.2 = 1.8
hatchlings and 2.0 = 1.8 fledglings per nest. The mean clutch size, brood size and number
of fledglings varied among years (clutch size 2.7 - 4.7, brood size 1.4 - 3.2 and number of
fledglings 1.3 - 2.9 per breeding pair). The largest clutches and broods were produced in
2010 and the highest numbers of fledglings were recorded in 2013. The lowest reproductive
parameters were found in 2011 (Table 1).

We confirmed negative relationships between laying date and clutch size (regression,
R?=0.39, F = 6.66, beta = -0.13, P = 0.014, Fig. 4a) and brood size (regression, R? = 0.31,
F =3.87, beta=-0.07, P=0.057, Fig. 4b). The relationship between laying date and number
of fledglings was indicative (regression, R?=0.07, F = 2.9, beta = -0.27, P = 0.094). Finally,
we also found a positive correlation between the abundance of Apodemus mice in the field
and clutch size (regression, R? = 0.48, F = 11.06, beta=0.21, P =0.002, Fig. 4c).

Scores from the second ordination axis of PCNM analysis on diet composition (i.e.,
gradient of proportions of birds and Apodemus mice) showed a positive relationship with
laying date (Table 3). Particularly, we recorded a decreasing proportion of Apodemus mice
and an increasing proportions of birds and insectivores in the diet during the course of the
breeding season (Fig. 5a). These scores were also negatively correlated with clutch size (Fig.
5b) and indicatively negatively correlated with brood size (Fig. 5c, Table 3). Laying date also
significantly differed among years (Table 3, Fig. 5d). Neither scores from the first ordination
axis (i.e., gradient between unidentified rodents and Microtus/Myodes voles and Gliridae) nor
nest box ID had a significant effect. None of the factors affected the number of fledglings.

Discussion

The role of main prey types in the diet of Tawny Owl populations can substantially change with
their geographic positions. Within Europe, Microtus/Myodes voles are common throughout
the whole continent, but Apodemus mice have their northern range border in Southern Finland.
Therefore, Central European populations are more likely to include Apodemus mice in their
diet compared to northern owls. In agreement, studies from Northern Europe (more than 54°N)
consistently show an increased proportion of Microtus/Myodes voles compared to Apodemus
mice (e.g., Overskaug et al. 1995; Petty 1999; Sunde et al. 2001). Similarly, Zmihorski et al.
(2008) reported an increased proportion of Arvicolidae and a decreased proportion of Muridae
in the diet of Tawny Owls along a NE gradient in the area around the Baltic Sea. Also our
meta-analysis showed that the proportion of Apodemus mice decreases towards northern areas
and owls there often feed on shrews and Microtus/Myodes voles.

In agreement with most others studies (e.g., Capizzi 2000; Balciauskiene 2005;
Balciauskiene et al. 2005; Gryz et al. 2008), the dominant prey of our owls were rodents
(84.5%). Within Europe, rodents in the diet of Tawny Owl are mainly represented by Muridae
(mainly Apodemus mice) and Arvicolidae (mainly Microtus and Myodes voles) (e.g., Sunde
et al. 2003; BalCiauskiene and Narusevicius 2006; Balciauskas et al. 2011), which is also
supported by our results (Apodemus mice 66.9% and Microtus/Myodes voles 26.7%).
Moreover, Apodemus mice showed a positive relationship between their proportion in the diet
and availability in the field. Such a relationship was not found for Microtus/Myodes voles nor
Sorex shrews. The great importance of Apodemus mice in the diet of Tawny Owl has also been
recently documented in Switzerland (Roulin et al. 2009). Moreover, it was documented that



Fig. 5 The relationships between scores from the second ordination axis of PCNM analysis
on diet composition (i.e., gradient of proportion of birds, insectivores and Apodemus mice
in the diet as indicated by arrows above horizontal axes) and (a) laying date (regressions, P
=0.012), (b) clutch size (P = 0.004) and (c) brood size (P = 0.076). (d) Mean laying dates (+
SD) during the study period (P = 0.036)
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within Europe Apodemus mice represent the main prey for several owl species. For example,
Zarybnicka et al. (2013) showed that Boreal Owl diet in the Czech Republic is dominated by
Microtus voles, but a functional response was found only for Apodemus mice. Similar results
were also found in Long-eared Owl, a vole specialist in northern latitudes, but often feeding
on Apodemus mice in Central Europe during vole scarcity (Riegert et al. 2009). Based on these
results, we suggest that the availability of Apodemus mice drives the diet composition of these
owls within their range. The suitability of Apodemus mice as a main prey is supported by the
following: (1) Apodemus mice show mainly nocturnal activity compared to the cathemeral
activity of Microtus voles (Halle and Stenseth 2000). Therefore, compared to, for example,
diurnal vole specialists like Eurasian Kestrel (Falco tinnunculus) (Village 1990), owls are
more likely to exploit Apodemus mice as prey. In agreement, Eurasian Kestrels in Central
Europe during vole scarcity feed mainly on insects and Apodemus mice are not frequent prey
(Riegert and Fuchs 2004). (2) Habitat preferences of Apodemus mice for wooded and ruderal
habitats (Andéra and Horacek 2005) are consistent with the hunting habitat preferences of
Tawny Owl (Kajtoch et al. 2015), Long-eared Owl (Lovy and Riegert 2013) and Boreal Owl
(Zérybnicka et al. 2015b).



Representations of other components of Tawny Owl diet considerably vary across
the European continent, but in general, proportions of birds (12.1%), insectivores (1.2%)
and amphibians (2.2%) in the diet of our Tawny Owls are comparable with other studies
(e.g., Kirk 1992; Kekkonen et al. 2008; Grzedzicka et al. 2013). Across the years of study,
Apodemus mice were replaced by different prey including birds, insectivores and Microtus/
Myodes voles in relation to their abundance in the field. Interestingly, in one year we recorded
an increased proportion of frogs (11%). In this year (2013), two of six pairs settled nearby
water streams. In the territory of one Tawny Owl pair, the water surface developed during the
breeding period, which consequently led to the occurrence of frogs in the diet. Similar results
were shown by Zmihorski and Osojca (2006) who reported a high proportion of amphibians
in the diet of Tawny Owls mainly occurring in pairs breeding near water surfaces. Based
on our meta-analysis the proportion of amphibians increases towards the East, but their
representation is probably influenced by the presence of an aquatic environment in the home
ranges of individual pairs. A similar latitudinal trend was also recorded for other mammals,
this was probably caused by the different faunal composition of rodents in Southeast Europe
compared to other parts of Europe (e.g., Chionomys, Dinaromys). The role of Gliridae in the
diet of our owls was of rather minor importance, but based on the results of the meta-analysis
their proportion in Tawny Owl diet increased at low latitudes.

We did not find a positive relationship between abundance of Apodemus mice,
Microtus/Myodes voles or Sorex shrews in the field and the number of breeding Tawny Owl
pairs. These results are in contrast with some studies in Central Europe (e.g., Roulin et al.
2009), but agree with others (e.g., Zarybnicka et al. 2013, 2015a). In our study, we cannot
distinguish whether the absence of a numerical response was caused by the breeding strategy
of Tawny Owls, low number of caught Apodemus mice in the field or relatively short study
period (seven years).

We found a negative relationship between the proportion of Apodemus mice in the
diet and laying date (i.e., the earlier the owl breeds the more Apodemus mice occur in its diet)
and clutch size that is consistent with the results of a study from Switzerland (Roulin et al.
2009). We also found a positive relationship between the proportion of Apodemus mice in
the diet (expressed by scores from ordination axis) and breeding parameters (clutch size and
brood size). These results suggest that unavailability of the main prey in the late breeding
phase forces breeders to switch to alternative prey (i.e., birds or insectivores). As shown by
several studies, laying date can be used as a good measure of individual quality (reviewed by
Sergio et al. 2007a).

Our results document the great importance of Apodemus mice in the feeding ecology
of Tawny Owl in Central Europe, independent of the availability of other prey groups. The
role of Apodemus mice in the diet of Tawny Owl in Central and Southern Europe is also
supported by meta-analysis of literature data. Apodemus mice availability further influences
breeding performance. Although, Tawny Owls are flexible in prey choice, our data suggests
that on average the abundance of Apodemus mice is important in shaping its breeding
performance.
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Table S1. Diet composition of Tawny Owls during the years 2008 - 2014. n - number of

individuals, B - total biomass of the taxon, n% - percentages by numbers, B% - percentages

by biomass
Taxonomic Taxon n n% B () B%
group
Insectivora Sorex minutus 19 0.8 76 0.1
Sorex araneus 7 0.3 63 0.1
Neomys fodiens 2 0.1 32 0.0
Insectivora total 28 1.2 171 0.2




Rodentia Apodemus sp. 878 38.7 25023 335
Mus sp. 46 2.0 782 1.0
Rattus sp. 3 0.1 960 1.3
Microtus sp. 123 5.4 3752 5.0
Myodes glareolus 227 10.0 5221 7.0
Arvicola terrestris 28 1.2 3640 4.9
Glis glis 2 0.1 235 0.3
Muscardinus avellanarius 5 0.2 108 0.1
Rodentia unidetermined 604 26.6 17516 23.4
Rodentia total 1916 84.5 57236 76.6
Aves Columba palumbus 1 0.0 500 0.7
Dendrocopos major 3 0.1 240 0.3
Psittaciformes unidet. 1 0.0 65 0.1
Oriolus oriolus 1 0.0 72 0.1
Garrulus glandarius 4 0.2 680 0.9
Cyanistes caeruleus 1 0.0 11 0.0
Parus major 2 0.1 40 0.1
Paridae unidet. 8 0.4 120 0.2
Aegithalos caudatus 2 0.1 14 0.0




Sylviidae unidet. 11 0.5 220 0.3
Sitta europaea 4 0.2 96 0.1
Phoenicurus phoenicurus 3 0.1 45 0.1
Turdus philomelos 3 0.1 210 0.3
Turdus viscivorus 2 0.1 240 0.3
Turdus merula 9 0.4 863 1.2
Turdus sp. 9 0.4 863 1.2
Carduelis spinus 1 0.0 12 0.0
Fringilla coelebs 8 0.4 185 0.2
Carduelis chloris 2 0.1 57 0.1
Coccothraustes coccothraustes 4 0.2 220 0.3
Loxia curvirostra 1 0.0 94 0.1
Emberiza citrinella 1 0.0 30 0.0
Size of Passer sp. 102 4.5 2652 3.6
Size of Turdus merula 91 4.0 8645 11.6
Aves total 274 12.1 16174 21.7
Amphibia 49 2.2 1112 1.5
Osteichthyes 1 0.0 10 0.0
Total 2268 100.0 74703 100.0
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During the years 1996-1998, the diet composition was assessed from pellets of kestrels in
Ceské Budg&jovice. Within the total number of 5226 prey individuals, insects made up
15.2% by numbers and 0.3% by weight. In the summer and early autumn, the abundance
of insects was highest. It was partially caused by including pellets from juvenile kestrels
that contained more insect remains than pellets from adults in general. Two main insect
groups were found in the diet — beetles (mostly medium-sized Carabidae) and Ensifera
(large Tettigoniidae). In the low vole year, the intake of beetles was higher in comparison
with high vole year, whereas the intake of Ensifera was rather stable in both years. Our re-
sults support the “alternative” role of beetles in the diet of kestrels. However, the beetles
are energetically incomparable with voles and are partially at least caught during the hunt-
ing on voles. Ensifera were more likely hunted with purpose. Contrary to beetles their

proportion at individual roosting sites was balanced.

1. Introduction

The important role of insect prey in the diet of kes-
trels has been recorded many times before (i. e.
Itdmies & Korpimaki 1987, Davis 1975), espe-
cially in southern latitudes (i. e. Aparicio 1990,
2000, Piatella et al. 1999). The significance of this
prey also increases when voles (Microtus sp.) be-
come rare (i. e. Cavé 1968, Korpimiki 1985). The
variation of insects in the diet of kestrels was re-
corded also within a year, especially the relatively
important role of insects during the winter months
(Davis 1975, Yalden & Warburton 1979). How-
ever, the main peak of insect in the diet comes in
late summer or autumn months (Village 1982).
This phenomenon was indirectly explained by

hunting on insect prey by non-experienced juve-
nile kestrels (Shrubb 1982).

In central Europe, the role of insect in the diet
should be less pronounced (reviewed by Korpi-
miki 1985). However, we have recorded a rela-
tively high proportion of insects (by number) in
the diet of kestrels from Ceské Budgjovice (Rie-
gert 2001). Therefore we aimed at a more detailed
analysis and tried to discover factors determining
occurrence of main insect components.

We tested two null hypotheses: (1) The repre-
sentation of insects in the diet does not depend on
vole availability. (2) The representation of insects
in the diet of juvenile and adult kestrels does not
differ.
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2. Material and methods
2.1. Study population and pellet collecting

We studied the diet composition of kestrels in the
medium sized city of Ceské Budé&jovice (Southern
Bohemia, 250 m a. s. 1., 49°58’N, 14°29’E; 40
km’; radius of the city 4 km; 100,000 inhabitants).
The population of kestrels in Ceské Budgjovice
varies between 40 and 50 pairs. The kestrels breed
in the centre (in lofts or ventilation shafts) as well
as on outskirts (on industrial buildings or in nest
boxes). Breeding density is higher in the centre
while the number of breeding pairs is more bal-
anced as the area of outskirts is larger. The females
disappear from Ceské Budgjovice in the course of
autumn whereas the males winter there and they
leave their breeding ranges for periods with con-
tinuous snow cover only.

All kestrels from Ceské Budgjovice feed out-
side the city predominantly and hunting is rarely
observable inside the built-up areas. Within a ra-
dius of 5 kilometres of the continuously built-up
areas, the hunting grounds include ruderal habitats
(16%), either cut or not cut meadows (49%) and
fields (35%).

The pellet collecting was made at individual
roosting sites of kestrels in the centre of the city as
well as in the outskirts (during the summer, the
temporary roosting sites of juvenile kestrels were
included too). In total we made 261 collections at
21 sites, in the period between August 1996 and
October 1998, from which 31 collections (11.9%)
came from roosting sites of juvenile kestrels in the
post-fledgling period. The interval between two
pellet controls varied between 8 to 42 days (mean
19.7 + 8.3 days). The distribution of controls dur-
ing the year and the number of pellets is shown in
the appendix. The August was the only month with
low number of collections, therefore it was ex-
cluded from statistical analyses.

To make sure of the categorisation of roosting
sites between adult kestrels and juveniles, we
made irregular night-controls with flashlight (at
least one at each site per month). The roosting be-
haviour of juvenile kestrels was quite different
from adult birds, since they tried to spend the night
together or close to each other, especially in the
early post-fledging period (personal observation).
On the other hand adult birds roosted solitary. The
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juveniles’ roosting sites were recorded between
June and November, yet the highest number of
collections (18 from 35) came from July.

2.2. Pellet analysis

In total, we identified 5,226 prey individuals
(4,577 pellets) in the diet of kestrels (see Appen-
dix). The pellets were dried and all feather-re-
mains were identified. The rest was dissolved in a
solution of NaOH (Schueler 1972). Small mam-
mals were determined by skulls using Andéra and
Horacek (1982) and birds by beak and humeri us-
ing a reference collection. All beetles’ remains
were identified according to sculpture, coloration
and size of coverts. However, unidentified indi-
viduals represent the great part of data on beetles
(72.1%), when the remains of coverts were incom-
plete or milled. Ensifera were identified by the
presence of apertures on legs. The presence of
earthworms was not proved. Number of heads or
mandibles (in Ensifera), coxae and other parts of
legs determined the number of individuals. The to-
tal number of prey individuals was given by most
number of identified parts of the body (i. e. one
head and seven legs give two individuals, one head
and six legs give one individual). The data on
weight of prey groups (Ensifera, beetles, voles,
shrews, birds and lizards) were taken from Hudec
and Cerny (1977), Itimies and Korpimaki (1987)
and Carillo ez al. (1995). Data on lengths of insect
prey were taken from Javorek (1968) and Zahrad-
nik (1987).

2.3.Vole trapping

From the year 1997 we estimated the vole numbers
on hunting grounds used by kestrels from Ceské
Budgjovice (within a radius of 5 kilometres of the
continuously built-up area). We used pitfall traps
(plastic bottles with a cut neck and capacity of 2 1),
totalling a 100 in number, each year. These traps
were installed at 10 kestrel hunting grounds in late
July (10 traps made up a trap line). All occurred
habitat types were covered (50 traps were installed
in meadows, 30 in fields and 20 in ruderal habi-
tats). The traps were filled with a 4% fusion of
formaldehyde and exposed for 17 days. In each
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year the trapping effort was 1700 trap-nights. The
numbers of voles caught: 34 (1997), 154 (1993),
45 (1999), 19 (2000), 29 (2001), 79 (2002).

2.4, Observations on hunting behaviour

The data on hunting behaviour were adopted from
another authors’ project, realised in Ceské
Budgjovice during 1999-2002. Hunting grounds
have been visited during the breeding season, from
the late April to half of July. We gathered data on
302 hunting actions of adult birds. Besides the
hunting success, we analysed the time, which was
spent on ground after landing.

2.5. Statistical analyses

The data from the year 1996 were excluded from
analyses, because the abundance of the common
vole was not estimated in this year. Before the
analyses, we recalculated the data in collections to
individuals per one pellet. The changes of abun-
dance were analysed using Generalised Linear
Models (GLM, forward selection of factors, logit
link function; Mc Cullagh & Nelder 1989). The se-
lection and order of factors in a model was defined
by Mallows Cp-statistics (Mallows 1973). We in-
cluded mean temperature and mean precipitation
in the course of control period, summer vole num-
ber and month into independent variables. To
avoid pseudoreplications by repeating collections
at one site, we involved the factor “site” into analy-
ses. As the observed trends had differed for the two
main insect components we computed three mod-
els that differed in dependent variable: a) all in-
sects together, b) beetles only, c) Ensifera only.
Ants or cockroaches were not analysed separately,
because their proportions were too small (<2% of
all insects). Using GLM analysis we tested the in-
fluence of vole abundance and hunting success to
time spent on ground by kestrels after landing.
The Multivariate percentage data on diet com-
position (including vertebrates) were computed by
Redundancy Analysis (RDA) in CANOCO
(Braak & Smilauer 1998) and visualised in
CANODRAW (Smilauer 1992). The data from
collections were summarised by the month, for
both years separately and percentages of each

component in the diet were log-transformed.
Mean temperature and mean precipitation in the
course of control period and summer vole numbers
were included into environmental variables. Be-
cause the vole proportion in the diet was incompa-
rably higher than proportion of other individuals,
its percentages were weighted at 0.011.

The analysis of abundance of prey components
between adult and juvenile kestrels was based on
Kruskal-Wallis tests using STATISTICA Soft-
ware (Statsoft, Inc. 1996). We used only data that
belong to period when juveniles are present at
roosting sites (July—November).

3. Results
3.1. Overall diet composition

The common vole (Microtus arvalis) was the most
dominant prey in the diet. Its overall proportion
was 77.9% by numbers (n = 4073) and 90.7% by
weight. Other vertebrates, represented by other
mammals, birds and lizards, made only 6.9% by
numbers (n =362) and 9.0% by weight. The insect
prey made 15.2% by numbers (n = 796), yet only
0.3% by weight. Within the year (monthly data av-
eraged) the proportion of insect varied between
3.6 and 31.5% (by numbers) or 0.0 and 1.4% (by
weight). Other invertebrates were not recorded.
The abundance (individuals per pellet) of insect
prey showed two decreases during the winters
1996/97 and 1997/98 (Fig. 1). In the year 1998, the
followed up increase during the breeding season
and summer was less prominent. The abundance
of voles in the diet was found to be increasing to-
wards the year 1998 and that of other vertebrates
was decreasing.

3.2. Insects in the diet

The remnants of insects were found in 62.1% of
collections (162 from 261). Among insects, the
proportion of beetles (Coleoptera) was 75,5% by
numbers, Ensifera making up 23.9% and ants
(Formicidae) and cockroaches (Blattodea) to-
gether 0.6%.

The proportion of beetles was high during the
months of October and November 1996, and
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March, July and September 1997 (Fig. 2). The
lowest abundance was found in the winters
1996/97 and 1997/98. Among determined beetles
(see Appendix), the most dominant groups were
Carabidae  (56.0%), Scarabeidae (15.7%),
Dytiscidae (12.0%) and Curculionidae (8.8%).
Carabidae were the only beetles that were found in
the diet most of the year through, including the
winter months. Their abundance was highest dur-
ing the summer (June and July) and the same was
true for Scarabaeidae. The third most dominant
family of beetles, Dytiscidae, became most abun-
dant in March.

The great number of beetles remained uniden-
tified (73.1%), since only coxae and other parts of
legs (especially from small species) were found.
These could be considered in most cases being
from small Carabidae, not true Carabus species.

Ensifera were recorded in the period between
April and November. Their abundance were
higher during the year 1998, with the peak in May
and September (Fig. 2). Most of them (>90%), be-
longed to the family Tettigoniidae. The rest proba-
bly belonged to family Gryllidae.

Site, summer vole numbers and mean tempera-
ture in the course of control period significantly af-
fected the abundance (individuals per pellet) of in-

Feb Apr

Jun Aug Oct
Period

Dec Feb Apr Jun Aug Oct

Table 1. Factors affecting the abundance (individuals
per pellet) of insect prey in the diet of urban kestrels
(only significant relations included). Poisson GLM
models, forward selection based on Cp-statistics. For
all models, n = 251 collections.

Dep. Indep. var. Explained f P

var. var. (%)

Insects site 30.9 - 0.0001
vole numbers 2.8 * 0.0214
temperature 2.6 0.12 0.0221

Beetles site 38.2 - 0.0001
vole numbers 3.3 * 0.0001
temperature 0.1 0.14 0.0341

Ensifera temperature 3.1 0.19 0.0042

* The intake was lower in 1998

sects in the diet whereas the precipitation and the
month had no significant effect (Table 1). In the
year 1998, when the vole availability increased,
the proportion of insect in the diet was lower. With
increasing temperature the proportion of insect
was higher (r, = 0.22, P = 0.03, n = 261). When
beetles and Ensifera were tested separately, the
site and the vole availability had significant effect
to the changes in abundance of beetles only. The
model containing beetles only explained even
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more variability than the model with all insects.
The mean temperature positively affected the
abundance in both, Ensifera and beetles, yet the
relationship was more pronounced in Ensifera.
Despite the fact that the influence of environ-
mental factors tested in multivariate analysis (Fig.
3) was only indicative (temperature, P =0.11; pre-
cipitation, P=0.18; vole numbers, P =0.10; Monte
Carlo permutation tests, RDA), the pattern of data
is similar to previous tests. Two independent gra-
dients were found in the data. The first was corre-
lated with the mean month temperature, second
with the availability of voles. The precipitation

Apr

Jun Aug Oct

Period

Dec Feb Apr Jun Aug Oct

were positively correlated with the temperature (r,
=0.71,P <0.05,n=27). Along gradients, both the
collections (sites) and diet components (species)
formed well-distinguished groups. The availabi-
lity of voles markedly separated the years, which
apparently differed in the representation of voles
and most of beetles (Scarabaeidae, Carabidae,
aquatic and unidentified groups) in the diet. The
proportion of voles in the diet correlated with the
vole availability positively, whereas the propor-
tion of beetles showed a negative relationship. The
proportion of other vertebrates, Ensifera, Curcu-
lionidae and other insects were correlated with the
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temperature gradient. The relationship was nega-
tive in vertebrates and positive in insects. The
border between warm and cold periods was set by
the collections from May 1997, March and April
1998.

Carabidae were the only group of beetles that’s
relatively high numbers enabled detailed analysis.
There was a positive correlation between the abun-
dance of Carabidae and mean month temperature
(rg=0.51,P =0.012, n =27). The spring changes
of Carabidae abundance clearly followed the
changes in temperature, with a one-month delay
(Fig. 4). With the single exception of September
1997, the autumn abundance followed actual tem-
perature in the month. In the year 1998, when vole
numbers on hunting grounds increased, the
relation became less prominent.

3.3. Insect diet of adult and juvenile kestrels

The analysis of diet composition between adult
and juvenile kestrels showed that the intake of in-
sects was significantly higher in juvenile individu-
als (Kruskal-Wallis test, H = 8.44, P =0.004, n =
123; Fig. 5). The intake of insects by juvenile kes-
trels did not change between the years (Kruskal-
Wallis test, H = 0.47, P = 0.490, n = 31). On the
contrary, adult and juvenile kestrels do not differ
in the intake of voles (Kruskal-Wallis test, H =
0.82, P=0.775,n = 123; Fig. 5).

3.4. Size of insect prey

The distribution of insect prey length in the diet is
clearly bimodal with the peaks between 10-15 and
30-35 mm (Fig. 6). Medium sized Carabidae,
Scarabeaidae and Curculionidae beetles give the
first one and Ensifera the second one. Formicidae,
Byrrhidae, Hydrophilidae (Hydrobius fuscipes
only) and Histeridae represent the smallest prey in-
dividuals (<10 mm) and Ensifera the largest prey
(>30 mm).

3.5. Hunting behaviour

With the increasing vole abundance, the time spent
on ground after strike was decreasing (Table 2).
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Fig. 5. The intake of voles and insect prey (individuals
per pellet) by adult kestrels and post-fledgling juve-
niles, Kruskal-Wallis median test (H = 8.44, P =
0.004, n=132,). Median, 25-75%, non-outlier range.

After negative strikes, the kestrels spent on ground
more time, but the difference was indicative only.

4. Discussion
4.1. The role of insects in kestrel’s diet

The role of insect prey in the diet of kestrels in-
creases from north to south and in areas with cli-
mates influenced by the Atlantic (Korpiméki
1985, Aparicio 1990, Village 1990). Its proportion
in the diet in Ceské Budé&jovice was quite low, in
comparison with southern (Fernandez-Alonzo
1985, Aparicio 1990, Carillo ez al. 1995, Piatella ez
al. 1999) and western Europe (Fairley & McLean
1965, Thiollay 1968, Davis 1975, Village 1982).
The proportion of insect was rather similar to other
studies from central Europe (9% — Romanowski
1996, 4.7% — Plesnik 1992), yet was slightly
higher (15.7%).

Among insects, beetles were the most domi-

Table 2. The influence of tested factors to time spent
on ground by kestrels after landing (n = 302). Poisson
GLM models, forward selection based on Cp-statis-
tics.

Independent var. Explained p P
var. (%)

Vole abundance (items) 8.6 -0.84 0.0009

Hunting success (y/n) 1.3 * 0.1012

* The time-delay was longer after non-successful strikes
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Fig. 6. The distribution of length categories (in mm) of
insect prey in the diet, n = 283.

nant group that composed over 75% of the insect
remains. This result corresponds well with other
works on kestrels diet (i.e. Plesnik 1992, Piatella et
al. 1999). Among beetles, the Carabidae were
found in the diet most frequently as showed by
other studies at similar and northern latitudes also
(i.e. Davis 1975, Itdmies & Korpiméki 1987). In
the Canary Islands, Carabidae are less numerous
and they are substituted for Scarabaeidae and
Tenebrionidae (Carillo et al. 1995). The impor-
tance of Scarabaeidae (genus Geotrupes) in the
diet of kestrels was also docummented by many
studies from islands of United Kingdom (Simms
1961, Fairley & McLean 1965, Davis 1975,
Yalden & Warburton 1979, Village 1982). In the
recent study, remains of Scarabaeidae were less
abundant and in most of cases belonging to genus
Rhizotrogus (see Appendix). The proportion of
the third most numerous group — Dytiscidae — is
quite high in comparison with all mentioned stud-
ies. This result may have something to do with the
large number of fishponds in the surroundings of
Ceské Budgjovice. However, the family is not rep-
resented by large species, but small ones of genus
Colymbetes, whose occurrence in the diet of kes-
trels was recorded in western Finland too (Itimies
& Korpiméki 1987).

The representation of other insects was nearly
restricted to Ensifera (mostly Tettigoniidae),
whose overall proportion (3,1%) was similar to
other urban studies from central (Plesnik 1992)
and western (Thiolay 1968) Europe.

We can conclude by saying that the insect
component in the diet of kestrels from Ceské
Budé&jovice is similar to other kestrel populations

from central Europe. This is not surprising in case
that the kestrels from Ceské Bud&jovice predomi-
nately feed in surrounding rural landscape.

4.2. Why Kkestrels in central Europe .
prey on insects?

The highest peak of insect prey was found in sum-
mer and early autumn. We have no data about in-
sect abundance on the hunting grounds and there-
fore we are not able reject directly the null hypo-
thesis that the representation of insect prey is de-
termined by its availability only.

Shrubb (1982) explains the increase of insect
prey in the diet during the summer and early au-
tumn by the hunting behaviour of juvenile kestrels
and our results are consistent with his finding. The
pellets from temporary roosting sites of juvenile
kestrels contain a higher number of insects than
those from adult birds. Moreover, the abundance
of insects in the diet of juvenile kestrels did not de-
creased in the year with high abundance of voles.
Therefore juvenile kestrels contribute to the sum-
mer and early autumn peak of insect prey at least.

Shrub (1.c.) assigns the higher proportion of in-
sects in the diet of juvenile kestrels to their low
hunting ability. However, there are alternative ex-
planations. Juvenile kestrels may be forced out to
the worse hunting grounds. We have no indica-
tions supporting this hypothesis, as we have not
observed any attacks of adult kestrels against juve-
nile ones. Another explanation is that the juvenile
kestrels have less pronounced feeding preferences
only. Our finding, that there is no difference in the
number of voles in pellets among adult and juve-
nile kestrels, support this hypothesis. The insects
do not substitute the voles in the diet of juvenile
kestrels they only supplement them. Therefore the
insects in the diet of juvenile kestrels do not repre-
sent an alternative prey in the sense of “Optimal
Foraging Theory” (Stephens & Krebs 1986).

The abundance of beetles in the pellets differed
between sites markedly that indicated great indi-
vidual variability. Additionally, beetles in diet oc-
curred in low vole year more frequently. The im-
pact of temperature was less pronounced, showing
the differences between warm and cold months.
The increased abundance of beetles during the
summer was prominent in the year 1997 only,
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when vole availability was lower.

This result supports findings of other studies
that beetles play the role of alternative prey in kes-
trels (i.e.Yalden and Warburton 1979, Village
1982, Korpimdki 1985). However, taking the
weight of recorded beetles into consideration,
their proportion in the diet is negligible (see also
Itdmies and Korpimiki 1987, Plesnik 1992). The
“Optimal Foranging Theory” predicts that prey
types are added to the diet in order of their profit-
ability (Stephens & Krebs 1986). However, the
profitability of beetles is much lower than that of
other potential alternative prey. Especially birds
should be attractive for the urban kestrels. How-
ever, their representation in the diet remains low
and stable. We suppose that minimum hunting
costs compensate disadvantage of beetles as alter-
native prey. Village (1983) and Shrubb (1982)
pointed that insects are caught with purpose, from
hovering near the ground. We did not observe such
hunting behaviour. We suppose that at least some
beetles are caught during the hunting on voles. In
agreement with the statement, the time spent on
ground by kestrels after strike from “normal ho-
vering” was longer during low vole year. We sup-
pose that this time-delay could be used for hunting
on beetles. The indicative difference in time-delay
was also found between successful and non-suc-
cessful strikes. This result may indicate that
searching for beetles is more intensive if more
profitable prey is lost.

In contrast, Ensifera were found in the diet in-
dependent to the availability of voles. Their occur-
rence in the diet is probably limited by temperature
only. The representation of Ensifera also did not
differ between sites significantly, in contrary with
beetles and voles. Ensifera identified in pellets (in
most cases large Tettigoniidae) are approximately
6.5 times heavier than beetles. Therefore we sup-
pose that hunting of Ensifera was done with pur-
pose. Moreover the Ensifera represent equally pre-
ferred prey as voles do. The similar role of Ensi-
fera was found before, especially in southern and
western populations of kestrels (Thiollay 1968,
Carillo et al. 1995, Piatella et al. 1999, Aparicio
2000). Their representation was higher in one or-
der however.

We can reject both null hypothesis formulated
in Introduction. In Ceské Bud&jovice the represen-
tation of insects in the diet of kestrel increase with
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the decreasing vole availability. However, this
conclusion is valid for beetles only that form less
profitable component of the insect prey. The rep-
resentation of insect in the diet of juvenile kestrels
1s higher than that of adult ones. However, the in-
sect prey does not substitute the voles'in the diet of
juvenile kestrels.
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Hyoénteiset tuulihaukan ravinnossa: vaihto-
ehtosaalista vai pysyvi osa ravintoa?

Artikkelin kirjoittajat analysoivat tuulihaukan ra-
vinnon koostumusta vuosina 1996-1998 Ceské
Bud¢jovicen kaupungissa. Kirjoittajat kerdsivét
oksennuspalloja 21 tuulihaukan levahdyspaikalta
261 eri kertaa. Lisdksi arvioitiin myyrien maéra
seka havainnointiin haukkojen saalistuskayttéiyty-
mistd. Oksennuspallonaytteitd kertyi kaikkiaan
4 577 kappaletta ja niistd madritettiin yhteensa
5 226 saalisyksilod.

Tuulihaukan péésaalislajiksi havaittiin kentta-
myyrd; saalisyksiloistd kenttdmyyrid oli 78 %.
Hydnteisten osuus saalisyksil6istd oli keskimédérin
15 %. Saalisyksildiden painosta hyonteisten osuus
oli vain 0,3 %. Suurimmillaan hy6nteisten osuus
saalisyksiloistd oli kesilld ja alkusyksylld. Nuor-
ten tuulihaukkojen néytteissd oli enemmaén hyon-
teisié kuin vanhojen lintujen néytteissa. Padasialli-
sia tuulihaukan saalishy6nteisryhmia olivat kova-
kuoriaiset (erityisesti keskikokoiset maakiitdjéi-
set) seka suorasiipisiin kuuluvat pitkasarviset (eri-
tyisesti isot hepokatit). Huonoina myyravuosina
haukat kéyttivdt ravintonaan enemmén kova-
kuoriaisia kuin hyvind myyrivuosina.

Myyrikantojen koon vaihtelu ei sen sijaan vai-
kuttanut pitkdsarvisten méérddn tuulihaukan ok-
sennuspalloissa. Tulosten mukaan kovakuoriaiset
néyttivit olevan tuulihaukoille vaihtoehtoista saa-
lista, jota kdytetddn, kun myyrid on vihén. Kova-
kuoriaiset eivit kuitenkaan ole energeettisesti rin-
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nastettavissa myyriin ja ilmeisesti tuulihaukka ai-
nakin osittain saalistaa niitd myyrdnpyynnin yh-
teydessd. Hepokatteja tuulihaukka niyitda sen si-
jaan saalistavan tarkoituksellisesti.
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FLEDGLING PRODUCTIVITY IN RELATION
TO DIET COMPOSITION OF TENGMALM’S OWL
AEGOLIUS FUNEREUS IN CENTRAL EUROPE

PRODUCTIVIDAD DE VOLANTONES EN RELACION
A LA COMPOSICION DE LA DIETA EN EL MOCHUELO BOREAL
AEGOLIUS FUNEREUS EN EUROPA CENTRAL

Markéta ZARYBNICKA! *, Bohuslav KLoUBEC!, Jan OBUCH?
and Jan RIEGERT?

SUMMARY.—Based on 52 nesting attempts of Tengmalm’s owl Aegolius funereus in the Sumava
Mountains (South Bohemia, Czech Republic), in habitats comprised mainly of Norway spruce forests,
we investigated the relationships between diet composition and fledgling productivity of this owl. We
found that (i) owls feed mainly on Sorex shrews (39%), Microtus voles (19%), Apodemus mice (15%),
bank voles Myodes glareolus (14%) and birds (6%), (ii) the percentage of Apodemus mice, as well as
the percentage of Myodes glareolus, negatively correlated to the percentage of Sorex shrews and birds
in the owls’ diet, and (iii) the fledgling productivity of the owls positively correlated to the percentage of
Apodemus mice in the diet. Finally, (iv) the percentage of Microtus voles, the second most common prey,
exhibited no close relationships with other prey groups or fledgling productivity of the owls. These results
suggest that Apodemus mice were an important prey in the diet of the Tengmalm’s owl in our study area,
and support the theory that, compared to their northern counterparts, nocturnal raptors in Central Europe
may be less dependent on Microtus voles due to the increased diversity of available prey species.

Key words: Apodemus, boreal owl, diet, Microtus, reproductive output, temperate area.

RESUMEN.— Analizamos las relaciones existentes entre la productividad y la composicién de la die-
ta del mochuelo boreal Aegolius funereus en las montafias de Sumava (Bohemia del Sur, Repiblica
Checa), basado en 52 intentos de nidificacion de dicha especie en esta drea, con habitats compuestos
principalmente por bosques de abetos de Noruega. Encontramos que (i) los mochuelos se alimentan
de musarafias Sorex (39%), topillos Microtus (19%), ratones Apodemus (15%), topillo rojo Myodes
glareolus (14%) y aves (6%), (ii) el porcentaje de Apodemus, asi como el de Myodes glareolus en la
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dieta de los mochuelos mostré una relacion negativa con la de Sorex y aves, (iii) la productividad se
correlaciond positivamente con el porcentaje de Apodemus en la dieta de los mochuelos, y (iv) los
topillos Microtus, que fueron la segunda presa mds comiin, no mostraron relaciones significativas con
los pardmetros de reproduccidn analizados. Estos resultados sugieren que los ratones Apodemus son una
presa importante en la dieta del mochuelo boreal en nuestra drea de estudio y apoyan la teoria de que
las aves rapaces nocturnas en Europa Central pueden ser menos dependientes de los topillos debido a la
mayor diversidad de especies de presas disponibles en comparacién con otras zonas del norte.
Palabras clave: Apodemus, dieta, Microtus, mochuelo boreal, resultado de la reproduccion, zona

templada.

INTRODUCTION

The optimal diet theory predicts that diet
composition should depend solely upon the
availability of the main prey (Schoener, 1971;
Pulliam, 1974). For some birds of prey, Mi-
crotinae voles usually comprise their main
prey (e.g., Eurasian kestrel Falco tinnunculus:
Korpiméki and Norrdahl, 1991; Skierczynski,
2006; Riegert et al., 2007; common buzzard
Buteo buteo: Skierczynski, 2006; short-eared
owl Asio flammeus: Korpimidki and Norrdahl,
1991; long-eared owl Asio otus: Korpimiki
and Norrdahl, 1991; Korpimiki, 1992;
Riegert et al., 2009; Dziemian et al., 2012;
Ural owl Strix uralensis: Korpiméki and
Sulkava, 1987). In Northern Europe, where
vole populations exhibit regular three to four-
year cycles and great multi-annual and intra-
seasonal changes of abundance (Korpiméki
et al.,2005; Zarybnické et al.,2015a), the
percentage of Microtus voles in the diets of
diurnal raptors and owls closely relates to
their availability in the field (Korpimiki,
1986a, b, 1988, 1992). In Central Europe,
vole abundance is usually relatively stable
across years, showing seasonal changes with
low densities in spring and high densities
in autumn (Hansson and Henttonen, 1985;
Hanski ez al., 1991; Zarybnickd et al., 2015a).
Moreover, as a result of the latitudinal in-
crease in the diversity of small mammals
towards southern latitudes (Hansson and
Henttonen, 1985), the Central European
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small mammal community is enriched by
other species, for example by Apodemus
mice. Thereupon the relationship between
the percentage of Microtus voles in the diet
of birds of prey and their availability in the
field may not be found in temperate lati-
tudes, whereas the percentage of Apodemus
mice in the diet may be strongly related to
their availability in the field (Zarybnicka
etal.,2013a).

Tengmalm’s owl Aegolius funereus is a
generalist predator feeding mainly on Micro-
tus and Myodes voles in northern latitudes
(Sulkava and Sulkava, 1971; Korpimaiki,
1981, 1988; Hornfeldt et al., 1990), while
Apodemus mice also enrich its diet in Central
Europe (Schelper, 1972, 1989; Schwerdtfeger,
1988; Kloubec and Vacik, 1990; Pokorny et
al., 2003; Zarybnicka et al., 2012). When
the abundance of the main prey is low, the
percentage of alternative prey in the diet
(usually Sorex shrews and birds) increases
in both Northern and Central European
owl populations (Zarybnicka et al., 2009;
Korpiméki and Hakkarainen, 2012). Varia-
tion in food abundance is known to affect the
reproductive strategies of Tengmalm’s owl,
mainly breeding density (Korpimiki, 1981),
clutch size (Korpimiki, 1987; Zarybnicka
et al., 2015a), parental care investment
(Eldegard and Sonerud, 2009; Zarybnicka,
2009), and current and lifetime reproductive
success (Korpimiki, 1992; Laaksonen et al.,
2002; Zarybnicka et al., 2015a). Although



DIET COMPOSITION OF TENGMALM’S OWL IN CENTRAL EUROPE 165

there are numerous studies on the diet struc-
ture of Tengmalm’s owls from both Northern
and Central Europe, studies of the relation-
ships between the breeding parameters of
Central European owls and food availability
in the field or diet composition are still rare.

Based on 52 nesting attempts of Tengmalm’s
owls in the Sumava Mountains (National
Park in South Bohemia, Czech Republic, in
habitats composed mainly of Norway spruce
Picea abies forests), we aim to characterise
the relationships between diet composition
and fledgling productivity of this owl. In par-
ticular, we assess the following two hypothe-
ses: (i) Apodemus mice and Microtus/Myodes
voles will be the main prey, i.e., they will
negatively correlate with the percentage of
Sorex shrews and birds (alternative prey) in
the owls’ diet, and (ii) the percentage of
Apodemus mice and Microtus/Myodes voles
in the owls’ diet will positively correlate with
the number of fledglings.

METHODS

Our study was conducted in the Czech
Republic during 1992-2002. The study area
of approximately 5,000 km? is situated in the
Sumava Mountains (49° N, 13° E), close to
the border with Germany and Austria at an
altitude ranging from 500 to 1,100 m.a.s.1.
The habitat mainly comprises Norway spruce
forests with small pastures, clearings or agri-
cultural fields. During the study period there
were 199-582 nest boxes (mean = SD; 395 +
134 boxes per year) available for Tengmalm’s
owls in this area. The annual occupancy of
the nest boxes varied between 4% and 8%
(mean + SD; 5.9 + 1.3%).

The dietary composition of birds of prey is
typically determined from prey remains and
pellet analyses (Sulkava and Sulkava, 1971;
Korpimiki, 1988). Tengmalm’s owl males
provide nearly all food to the female from egg
laying to the fledgling period (Zarybnicka et

al., 2009, 2013b). The females usually keep
their nests clean during incubation and
brooding (Kuhk, 1969; Korpimiki, 1981),
but they do not remove food remains and
pellets during the feeding period. Hence, a
layer of pellets and other prey remains accu-
mulates at the bottom of the nest-hole during
the nestling period (Sulkava and Sulkava,
1971). Prey remains were collected during
nest visits when the young were present in
the nest boxes (from late April to the end of
July). The remaining material from the nest
boxes was collected after the young had
fledged, as described in Korpimiki (1981).
Small mammals were determined by identi-
fying skulls and mandibles according to the
method of Andé€ra and Horacek (2005), and
birds from feather remains, beaks and skulls
using a reference collection. The owl pellets
or nest lining from each sample were soaked
for one hour in a hot 5% sodium hydroxide
solution. After the hair and feather debris
were dissolved, the sample was rinsed in a
dense sieve under running water and washed
in a container with water. The washed sam-
ple was then dried and sorted into various
categories including mammalian jaw bones
(maxillae and mandibles, as well as some
teeth) and bird beaks, tarsometatarsi, and
humeral and metacarpal bones.

During the study period, we recorded a
total of 250 nesting attempts of Tengmalm’s
owls (mean + SD; 22.7 + 8.3 nests per year).
From this total, the number of fledglings and
diet composition was known for 52 attempts
(mean + SD; 4.7 + 4.1 nests per year) which
were then included in the statistical analyses.
All 52 nesting attempts were successful
—meaning that at least one fledgling was pro-
duced— with a total of 193 fledglings being
raised (mean + SD; 3.7 + 1.3 fledglings per
nest). In total, we determined 5,828 prey
items (mean = SD; 112.1 + 49.6 items per
nest box, N = 52 nests), of which 5,483 were
of small mammals and 345 were birds. For
further analyses, we pooled the prey items
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into five groups: Microtus voles (field vole
M. agrestis, common vole M. arvalis,
European pine vole M. subterraneus, and
Microtus spp.), Myodes voles (bank vole
M. glareolus), Apodemus mice (yellow-
necked mouse A. flavicollis, wood mouse
A. sylvaticus), Sorex shrews (common shrew

S. araneus, pygmy shrew S. minutus, Alpine
shrew S. alpinus), and birds. Other (scarce)
species (see table 1), such as the water vole
Arvicola terrestris, house mouse Mus mus-
culus, harvest mouse Micromys minutus,
northern birch mouse Sicista betulina,
southern water shrew Neomys anomalus,

TABLE 1

Diet composition of Tengmalm’s owl (N = 52 nests) in the Sumava Mountains, Czech Republic, 1992-

2002.

[Composicion de la dieta del mochuelo boreal (N = 52 nidos) en las montaiias de Sumava, Repiiblica

Checa, 1992-2002.]

Total number

Mean pernest SD  Min. Max.

Prey species or group of individuals Y% %o %o %o %o
Sorex araneus 2,093 359 349 155 2.0 64.6
Sorex minutus 182 3.1 33 34 0 14.0
Sorex alpinus 9 0.2 0.1 04 0 1.7
Neomys fodiens 17 03 03 0.7 0 38
Neomys anomalus 7 0.1 0.1 03 0 2.0
Crocidura leucodon 1 <0.01
Mpyodes glareolus 822 14.1 13.7 10.6 1.3 59.0
Arvicola terrestris 53 09 09 2.8 0 19.1
Microtus subterraneus 76 1.3 14 1.8 0 6.5
Microtus agrestis 770 13.2 12.9 11.5 0 48.2
Microtus arvalis 278 4.8 55 9.7 0 52.8
Apodemus flavicollis 710 122 12.1 9.5 0 374
Apodemus sylvaticus 167 2.9 2.7 3.8 0 15.6
Apodemus spp. 1 <0.01
Mus musculus 5 0.1
Micromys minutus 1 <001
Eliomys quercinus 1 <0.01
Muscardinus avellanarius 218 3.7 4.0 33 0 12.2
Sicista betulina 72 1.2 1.3 34 0 20.5
Birds 345 59 6.7 6.9 0 26.9
Sum 5,828 100
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Eurasian water shrew N. fodiens, bicoloured
shrew Crocidura leucodon, hazel dormouse
Muscardinus avellanarius, and garden dor-
mouse Elionomys quercinus were not in-
cluded in the analyses.

Using Spearman rank correlations (Stat-
Soft, Inc. 2013), we examined the relation-
ships between the percentages by numbers
of particular prey groups in the diet. The unit
of data was a nest box (N = 52 successful
nests). We applied the Bonferroni correction
to avoid autocorrelations. Therefore, results
were considered as significant when P < 0.01.
Using generalised linear models (GLMM,
Imer function, poisson model) in R software,
we analysed the effect of percentage of each
diet item (Microtus voles, Myodes glareolus,
Apodemus mice, Sorex shrews, birds) to the
number of fledglings. The unit of data was
represented by each nesting attempt (N = 52).
Percentage data on diet composition were
arcsine transformed. We used factor year and
nest box as random factors. We used the
following model formula: Imer (number of
fledglings ~ + diet item + (1| year) + (1| nest
box)). Statistical significance was obtained
by comparing each model with a relevant
null model (without factors). Factors were
added to the model based on the Akaike in-
formation criterion (AIC). Percentages of
variability explained by the tested factor were
computed as the ratio between deviances of
each model and its null model. We also show
the values of Chi-squared statistics.

RESULTS

Sorex shrews were the dominant prey
animals (39.2%; represented mainly by the
common shrew), followed by Microtus voles
(19.3%; mainly the field and common voles),
Apodemus mice (15.1%; mainly the yellow
necked mouse), bank voles (14.1%), birds
(5.9%), hazel dormouse (3.7%) and other
rodents (2.7%; table 1).

The percentages of Apodemus mice and
bank voles in the diet were positively corre-
lated (r, = 0.74, P < 0.01). At the same time,
the percentage of Apodemus mice nega-
tively correlated with the percentage of
Sorex shrews (r, =-0.53, P <0.01) and birds
(r,=-042, P <0.01). Also, the percentage
of bank voles negatively correlated with the
percentage of both Sorex shrews (r, = -0.60,
P <0.01) and birds (r, =-0.51, P<0.01). The
percentage of Sorex shrews positively corre-
lated to the percentage of birds (r, = 0.36,
P < 0.01). No relationship was found be-
tween the percentage of Microtus voles and
the other prey groups (P >0.01).

We found a positive relationship between
the number of fledglings and the percentage
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F1G. 1.—Relationship between productivity
(expressed by the number of fledglings per indi-
vidual nest, N = 52) and the percentage of Apode-
mus mice (represented by the yellow-necked and
wood mice) in the diet of Tengmalm’s owl.
[Relacion entre el niimero de volantones produ-
cidos por nido (N = 52) y el porcentaje de ratones
del género Apodemus (representados por rato-
nes leonado y de campo) en la dieta del mochuelo
boreal.]
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of Apodemus mice in the diet (GLMM, %> =
5.46, B =-0.926, 21.3% of variance ex-
plained, P = 0.019; fig. 1), but other diet
items had no effect on fledgling production
(GLMM, based on AIC, no other factor was
recommended to be added).

DiscussioN

The diet of Tengmalm’s owls in our study
area predominantly comprised small mam-
mals (94%). This percentage is similar to
those reported in other areas of Central
Europe and also from higher latitudes in
Northern Europe (reviewed by Korpimiki
and Hakkarainen, 2012). In northern popu-
lations, voles (mainly Microtus spp. and
Mpyodes voles) represent 70-90% of the diet
(Sulkava and Sulkava, 1971; Korpimaki,
1988; Hornfeldt et al., 1990), while in Cen-
tral Europe the diet is enriched with mice
(Zarybnicka et al., 2013a). The diet of
Tengmalm’s owls in South Bohemia com-
prised a lower percentage of Microtus voles
(19%) and Apodemus mice (15%), and a
higher percentage of bank voles (14%) and
Sorex shrews (39%) compared to the owls’
diet in Northern Bohemia (47%, 26%, 3%,
and 18%, respectively, Zarybnicka et al.,
2013a). These differences are likely to result
from the different habitat structures in the
study areas. Old forests of Norway spruce
with agricultural fields or pastures predomi-
nate in the Sumava Mountains (Vacek and
Podrazsky, 2003), while small forest frag-
ments of Norway spruce with large open areas,
forest clearings, and plantations of secondary
growth (formed mainly by non-native blue
spruce Picea pungens) dominate in the Ore
Mountains, Northern Bohemia (Zarybnicka
et al., 2015b). Thus, the larger extent of
spruce forests in South Bohemia could be
responsible for the increased percentage of
small forest mammals (mainly common
shrew and bank vole) in the owls’ diet there.
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We found that the percentage of Apode-
mus mice correlated negatively with the per-
centage of alternative prey groups, i.e. Sorex
shrews and birds and positively with fledgling
productivity of breeding owls. However,
we found no such relationships for Micro-
tus voles. These results largely support the
findings from a Tengmalm’s owl population
in Northern Bohemia, where the percentage of
Apodemus mice in the diet (26%) followed
their availability in the field and positively
correlated with the number of fledglings, but
these relationships were not found for Micro-
tus voles in Northern Bohemia, where they
comprised 47% of the owls’ diet (Zarybnickd
et al.,2013a). The absence of such relation-
ships with Microtus voles, and in contrast,
their occurrence with Apodemus mice can
result from the different availabilities of
mice and voles in the field, due in particular
to their different daily activity patterns:
Apodemus mice being exclusively nocturnal
whereas Microtus voles show cathemeral
activity (Halle and Stenseth, 2000); their
different reproductive patterns: mice usually
start reproduction during February-March
and continue until late summer, while voles
usually start in April or May and finish
during the autumn (Andéra and Gaisler,
2012; V. Bejcek, unpublished data from the
study site), and the different habitat struc-
tures used: mice select wooded habitats
whereas Microtus voles select open areas
(Andé€ra and Horacek, 2005). Alternatively,
the absence of a functional response in
Microtus voles in diet and its link to the
fledgling productivity could be partly ex-
plained by frequent vole prey decapitation,
which may cause their under-representation
in the sample (Zarybnickd et al., 2011).
However, no study has yet documented that
voles are decapitated by owls more fre-
quently than other prey species.

Bank voles are frequent prey in northern
Tengmalm’s owl populations, accounting for
approximately 30-45% of their diet (Sulkava
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and Sulkava, 1971; Korpimiki, 1981, 1988;
Hornfeldt ef al., 1990). The percentage of
this prey in Central Europe is usually much
lower (1-25%; Schelper, 1972, 1989;
Schwerdtfeger, 1988; Pokorny et al., 2003;
RymesSové, 2006; Zarybnickd et al., 2013a).
In the current study, bank voles represented
14% of the owls’ diet, and this percentage
positively correlated with the percentage of
Apodemus mice in the diet. Simultaneous-
ly, the percentage of bank voles negatively
correlated with the percentages of both
Sorex shrews and birds. As the optimal diet
theory predicts that diet composition should
depend upon the availability of the main
prey (Schoener, 1971; Pulliam, 1974), the
percentage of main prey in the diet of the
Tengmalm’s owl should depend on its
availability in the field, and it should nega-
tively correlate with the other alternative
prey species in the diet and positively corre-
late with fledgling production (Zarybnicka
et al.,2013a). In our study, we found no sig-
nificant relationship between the percentage
of bank voles in the owls’ diet and the num-
ber of fledglings, but we have no data on prey
availability. Thus, we cannot directly test the
relationships between food availability in
the field, diet composition and breeding
parameters. However, negative/positive rela-
tionships between the percentage of Myodes
voles and alternative (shrews and birds)/main
(mice) prey groups indicate that bank voles
can be important prey species in the diet of
Tengmalm’s owls in Central Europe.

CONCLUSION

Our results suggest that Apodemus mice
are an important component of the diet of
Tengmalm’s owl in Central Europe, since
the percentage of Apodemus mice negative-
ly correlated with alternative prey (Sorex
shrews and birds) in the owls’ diet and also
positively correlated with fledgling produc-

tivity. Microtus voles, however, exhibited
no such relationships. Our findings also high-
light the significance of bank voles in the
diet of Czech owls, since their percentage
was negatively correlated with the per-
centage of alternative prey in the owls’ diet.
These results support the theory that owls in
Central Europe are not dependent on only
one main prey group (unlike their northern
counterparts) but rather that more prey types
can figure in their diet.

ACKNOWLEDGEMENTS.—This study was sup-
ported by the Czech University of Life Sciences
Prague (Grants CIGA 20144203 to MZ).

BIBLIOGRAPHY

ANDERA, M. and GAISLER, J. 2012. Mammals of
the Czech Republic. Academia. Prague. (In
Czech).

ANDERA, M. and HORACEK, I. 2005. Deter-
mining our Mammals. Sobotéles. Prague. (In
Czech).

DzieMIAN, S., PILACINSKA, B. and PitucHA, G.
2012. Winter diet composition of urban long-
eared owls (Asio otus) in Rzeszéw (SE Poland).
Biological Letters,49: 107-114.

ELDEGARD, K. and SONERUD, G. A. 2009. Female
offspring desertion and male-only care increase
with natural and experimental increase in food
abundance. Proceedings of the Royal Society B,
276: 1713-1721.

HanssoN, L. and HENTTONEN, H. 1985. Gradients
in density variations of small rodents: the im-
portance of latitude and snow cover. Oecologia,
67: 394-402.

Hanski, I., HANSSON, L. and HENTTONEN, H. 1991.
Specialist predators, generalist predators, and
the microtine rodent cycle. Journal of Animal
Ecology, 60: 353-367.

HORNFELDT, B., CARLSSON, B. G., LOGRFEN, O. and
EKLUND, U. 1990. Effect of cyclic food supply
on breeding performance in Tengmalm’s owl
(Aegolius funereus). Canadian Journal of
Zoology, 68: 522-530.

Ardeola 62(1), 2015, 163-171



170 ZARYBNICKA, M., KLOUBEC, B., OBUCH, J. and RIEGERT, J.

KLoUBEC, B. and VAcik, R. 1990. Outline of food
ecology of Tengmalm’s owl (Aegolius funereus
L.) in Czechoslovakia. Tichodroma, 3: 103-125.
(In Czech with English summary).

KorpIMAKI, E. 1981. On the ecology and biology
of Tengmalm’s owl Aegolius funereus in south-
ern Ostrobothnia and Soumenselkid, western
Finland. Acta University Oulu A, 118: 1-84.

KorriMAKI, E. 1986a. Diet variation, hunting
habitat and reproductive output of the kestrel
Falco tinnunculus in the light of the optimal
diet theory. Ornis Fennica, 63: 84-90.

KorpPIMAKI, E. 1986b. Seasonal changes in the
food of Tengmalm’s owl Aegolius funereus in
western Finland. Annales Zoologici Fennici,
23:339-344.

KorpiMAKT, E. 1987. Clutch size, breeding success
and brood size experiments in Tengmalm’s owl
Aegolius funereus: a test of hypotheses. Ornis
Scandinavica, 18: 277-284.

KorpIMAKL, E. 1988. Diet of breeding Tengmalm’s
Owls Aegolius funereus: long-term changes
and year-to-year variation under cyclic food
conditions. Ornis Fennica, 65: 21-30.

KorpriMAKI, E. 1992. Diet composition, prey
choice and breeding success of long-eared
owls: effects of multiannual fluctuations in food
abundance. Canadian Journal of Zoology, 70:
2373-2381.

KorpriMAKI, E. and HAKKARAINEN, H. 2012. The
Boreal Owl. Ecology, Behaviour and Conserva-
tion of a Forest-dwelling Predator. Cambridge
University Press. London.

KorpriMAKI, E. and NORRDAHL, K. 1991. Numeri-
cal and functional responses of kestrels, short-
eared owls, and long-eared owls to vole densi-
ties. Ecology, 72: 814-826.

KorprIMAKI, E. and SuLKAvA, S. 1987. Diet and
breeding performance of Ural owls Strix
uralensis under fluctuating food conditions.
Ornis Fennica, 64: 57-66.

KorprPIMAKI, E., OKSANEN, L., OKSANEN, T.,
KLEMOLA, T., NORRDAHL, K. and BANKS, P. B.
2005. Vole cycles and predation in temperate
and boreal zones of Europe. Journal of Animal
Ecology, 74: 1150-1159.

KuHk, R. 1969. Schliipfen and Entwicklung der
Nestjungen beim Rauhfusskauzes (Aegolius
funereus). Bonner Zoologische Beitrage, 20:
141-150. (In German).

Ardeola 62(1), 2015, 163-171

LAAKSONEN, T., KORPIMAKI, E. and HAKKARAINEN,
H. 2002. Interactive effects of parental age and
environmental variation on the breeding per-
formance of boreal owls. Journal of Animal
Ecology, 71: 23-31.

MRLIK, V. 1994. Tengmalm’s owl (Aegolius fu-
nereus) in Moravian karst and notes to its vocal
activity. Sylvia, 30: 141-147. (In Czech with
English summary).

PoKORNY, J., KLOUBEC, B. and OBUCH, J. 2003.
Comparison of Tengmalm’s owl Aegolius fu-
nereus diet in several Czech mountain areas.
Vogelwelt, 124: 313-323.

PuLLiam, H. R. 1974. On the theory of optimal
diets. American Naturalist, 108: 59-74.

RIEGERT, J., DUFEK, A., FAINOVA, D., MIKES, V.
and FucHs, R. 2007. Increased hunting effort
buffers vole scarcity in an urban kestrel Falco
tinnunculus population. Bird Study, 54: 353-
361.

RIEGERT, J., LOvVY, M. and FAINOVA, D. 2009. Diet
composition of common kestrels Falco tinnun-
culus and long-eared owls Asio otus coexisting
in an urban environment. Ornis Fennica, 86:
123-130.

RYMESOVA, D. 2006. Diet composition and nest
success of Tengmalm’s owl (Aegolius funereus)
in the Zdarské vrchy Protected Landscape
Area. Buteo, 15: 49-57 (In Czech with English
summary).

SCHELPER, W. 1972. Ein Beitrag zur Biologie
des Rauhfusskauzes Aegolius funereus (L.).
Beitréige Naturkunde Niedersachsen, 25: T7-83.

SCHELPER, W. 1989. Zur Brutbiologie, Erndhrung
und Populationsdynamik des Rauhfusskauzes
Aegolius funereus im Kaufunger Wald (Stidnie-
dersachsen). Vogelkundliche Berichte Nieder-
sachsen, 21: 33-53. (In German).

SCHOENER, T. W. 1971. Theory of feeding strate-
gies. Annual Review of Ecology and Systematics,
2: 369-404.

SCHWERDTFEGER, O. 1988. Analyse der Depot-
beute in den Bruthohlen des Rauhfusskauzes
(Aegolius funereus). Vogelwelt, 109: 176-181.

STATSOFT, INC. 2013. STATISTICA (Data Analysis
Software System), version 12. www.statsoft.com.

SKIERCZYNSKI, M. 2006. Food niche overlap of
three sympatric raptors breeding in agricultural
landscape in western Pomerania region of
Poland. Buteo, 15: 17-22.



DIET COMPOSITION OF TENGMALM’S OWL IN CENTRAL EUROPE 171

SuLKAvVA, P. and SuLKAvA, V. 1971. Die nistzeit-
liche Nahrung des Rauhfusskauzes Aegolius
funereus in Finland 1958-1967. Ornis Fennica,
48: 117-124.

STasTNY, K., BEICEK, V. and HUDEC, K. 2006. The
Atlas of Breeding Birds in the Czech Republic
2001-2003. Prague. Aventinum. (In Czech with
English summary).

VACEK, S. and PODRAZSKY, V. V. 2003. Forest
ecosystems of the Sumava Mts. and their
management. Journal of Forest Science, 49:
291-301.

ZARYBNICKA, M. 2009. Parental investment of
female Tengmalm’s owls Aegolius funereus:
correlation with varying food abundance and
reproductive success. Acta Ornithologica, 44:
81-88.

ZARYBNICKA, M., SEDLACEK, O. and KORPIMAKI,
E. 2009. Do Tengmalm’s owls alter parental
feeding effort under varying conditions of main
prey availability? Journal of Ornithology, 150:
231-237.

ZARYBNICKA, M., RIEGERT, J. and §TASTNY, K.
2011. Tengmalm’s owl diet composition: a
comparison of camera surveillance and pellet
analysis. Ornis Fennica, 88: 147-153.

ZARYBNICKA, M., KOrRPIMAKI, E. and GRIESSER,
M. 2012. Dark or short nights: differential lati-
tudinal constraints in nestling provisioning

patterns of a nocturnally hunting bird species.
PLoS ONE, 7(5): €36932. doi:10.1371/journal.
pone.0036932.

ZARYBNICKA, M., RIEGERT, J. and StasTNy, K.
2013. The role of Apodemus mice and Microtus
voles in the diet of the Tengmalm’s owl in Cen-
tral Europe. Population Ecology, 55: 353-361.

ZARYBNICKA, M. and VOIAR, J. 2013. Effect of
male provisioning on the parental behavior of
female boreal owls Aegolius funereus. Zoologi-
cal Studies, 52: 36. doi:10.1186/1810-522X-
52-36.

ZARYBNICKA, M., SEDLACEK, O., SALO, P., STASTNY,
K. and KorpriMAKI, E. 2015a. Reproductive
responses of temperate and boreal Tengmalm’s
Owl Aegolius funereus populations to spatial
and temporal variation in prey availability. /bis,
157: 369-383.

ZARYBNICKA, M., RIEGERT, J. and STASTNY, K.
2015b. Non-native spruce plantations represent
a suitable habitat for Tengmalm’s Owl (Aegolius
funereus) in the Czech Republic, Central Europe.
Journal of Ornithology, 156: 457-468.

Received: 27 May 2014
Accepted: 1 September 2014

Editor: Maria del Mar Delgado

Ardeola 62(1), 2015, 163-171






Priloha IX

Zarybnicka M, Riegert J, Kloubec B, Obuch J. 2017:

The effect of elevation and habitat cover on nest box occupancy and diet
composition of Boreal Owl Aegolius funereus

Bird Study 64(2):222-231






BIRD STUDY, 2017
VOL. 64, NO. 2, 222-231
https://doi.org/10.1080/00063657.2017.1316236

BTO

Looking out for birds

W) Check for updates

The effect of elevation and habitat cover on nest box occupancy and diet
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ABSTRACT

Capsule: Diet composition of Boreal Owls Aegolius funereus was not affected by habitat cover, but it
changed along the elevational gradient.

Aims: To assess the effect of elevation and habitat cover on nest box occupancy and diet
composition of a central European population of Boreal Owils.

Methods: A Boreal Owl population was studied in the Sumava Mountains, Czech Republic, at
elevations from 500 to 1300 m above sea level (asl), during 1984-2005.

Results: Boreal Owls occupied more frequently nest boxes above 600 m asl, but they did not clearly
prefer any elevational band. Habitat cover did not affect the number of nesting attempts. There was
also no relationship between habitat cover and diet composition. However, diet composition
significantly changed along the elevational gradient. In particular, the proportion of alternative
prey of Boreal Owls, i.e. birds and shrews Sorex sp. rose with increasing elevation. The
proportion of voles Myodes and mice Apodemus in the diet decreased with increasing elevation.
Among bird prey, the proportion of finches Fringillidae positively correlated with elevation.
Conclusions: Central European Boreal Owls did not show a clear preference for any habitat cover or
elevational band, but the quality of the owls’ diet significantly decreased with increasing elevation.
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Birds represent a suitable model taxa for understanding
biogeographic  patterns through latitudinal and
elevational gradients (reviewed by Martin 2004). Bird
species breeding in northern areas show faster life-
histories than their tropical and temperate counterparts.
In contrast, slow life-history strategies can be found at
high elevations (reviewed by Boyle et al. 2016). Low
fecundity, limited number of nesting attempts and late
breeding at high elevations are probably caused by a
colder environment, short breeding seasons, low food
availability and higher predation risk (Boyle et al. 2016).
However, the role of some environmental factors in bird
life-history strategies is still not clear. For example,
predation risk can be increased due to limited vegetation
cover and the absence of shelters at higher elevations as
a result of severe climatic conditions and low primary
production. Simultaneously, the predation risk may be
decreased due to lower numbers of predators as a result
of low species diversity at high elevations (McKinnon
et al. 2010, Boyle et al. 2016). Food availability and diet
variation can also vary in relation to elevation. For
example, European Eagle Owls Bubo bubo breeding at
low elevations in southern France showed significantly

higher diet diversity compared to pairs breeding at high
elevations (Penteriani et al. 2002). However, similar
studies of such limitations and their effects on diet
composition of birds are rare, and our knowledge of
avian life-history changes along elevation gradients is
incomplete.

Habitat heterogeneity, that causes great variability in
the availability of food resources, nesting sites, shelters
and the presence of nest site competitors or predators,
can also drive variation in avian life-histories in terms
of demographic parameters (Both 1998, Penteriani
et al. 2002, Pakkala et al. 2006), population dynamics
(Ferrer & Donazar 1996, Penteriani et al. 2002, Pakkala
et al. 2006) and food webs of many animal populations
(Polis et al. 1997, Ferger et al. 2014). In opportunistic
predators, habitat heterogeneity considerably alters
diet composition through the availability of food
resources, which in turn influences reproductive
success and breeding performance (Penteriani et al.
2002, Zarybnicka et al. 2013, Milchev 2015). For
example, increased availability of heavier prey species
(Apodemus mice and Microtus voles compared to Sorex
shrews) reduces costs of reproduction in Boreal Owls
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Aegolius funereus (Zarybnicka et al. 2009). Although
some studies have found individual variability in diet
composition or habitat use (Galeotti et al. 1991, Riegert
& Fuchs 2011), simultaneous data on nest site
occupancy, diet composition and habitat cover are
scarce (Penteriani et al. 2005).

Boreal Owls are nocturnal predators of small mammals
and have a circumpolar Holarctic range inhabiting
Eurasian and North American coniferous forests
(Korpiméki & Hakkarainen 2012). This opportunistic
predator feeds on the most available prey, usually voles
in northern areas and a mixture of voles and mice in
temperate areas (Korpimaki & Hakkarainen 2012,
Zarybnicka et al. 2013, 2015a). Alternatively, it takes
shrews and birds when voles or mice are scarce
(Zarybnicka et al. 2009, 2013, Sindelat et al. 2015). The
distribution of this cavity-nesting species can be limited
by the availability of suitable habitats (Hayward et al.
1993, Heinrich et al. 1999), availability of nesting sites
(Heikkinen et al. 2007), food availability (Kouba et al.
2013), interspecific and intraspecific competition
(Vrezec & Tome 2004, Heikkinen et al 2007,
Morosinotto et al. 2017) and climatic conditions (Castro
et al. 2008). Food availability and habitat cover also
greatly affects other demographic parameters. In
particular, food availability is the main determinant of
the reproductive strategies of Boreal Owls (Korpimaki &
Hakkarainen 2012, Zarybnicka et al. 2015a), and habitat
cover may determine the frequency of nest site
occupation and nest predation (Sonerud 1985,
Zarybnickd et al. 2015b, 2016), home range size
(Santangeli et al. 2012), survival of adults (Hakkarainen
et al. 2008) and reproductive success (Hakkarainen et al.
2003, Zarybnickd & Vojar 2013).

In northern Europe, the centre of the Boreal Owls’
range, the species frequently inhabits Norway Spruce
Picea abies forests. More or less isolated populations
occur in central and southern Europe where this owl
inhabits coniferous, mixed or deciduous forests (Danko
et al. 2002, Kloubec 2003, St’astn}'f et al. 2006, Castro
et al. 2008, Broggi et al. 2013). It was shown that adult
owls and fledglings use dense and high coniferous
forests to avoid the risk of being mobbed by small birds
or killed by diurnal birds of prey (Bye et al 1992,
Korpimdki & Hakkarainen 2012), and the survival of
owls increased with the proportion of old forests in their
home range (Korpimiki & Hakkarainen 2012). In
central Europe, population densities of this owl are
usually stable, for example, in Slovakia (Danko et al.
2002) and Poland (Sikora et al. 2007), or even
increasing, for example, in the Czech Republic (Stastny
et al. 2006). However, the population densities of
northern European Boreal Owl populations, especially in
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Finland and Sweden, are declining due to the decreasing
area of old coniferous forests (Laaksonen et al. 2004,
Korpiméki & Hakkarainen 2012). Therefore, studies on
habitat use and prey use by Boreal Owls are still needed.

In this study, we aim to test the effect of elevation and
habitat cover on nest box occupancy and diet
composition of the central European Boreal Owl in
areas dominated by Norway Spruce forests based on
22-year dataset. In particular, we suggest that (i) the
number of nesting attempts will be influenced by
elevation and habitat cover, especially the proportion
of coniferous forests. Further, we suggest that (ii) the
proportion of their main prey (Microtus and Myodes
voles, and Apodemus mice) and the proportion of
alternative prey (Sorex shrews and birds) will change
with elevation. We also suggest that (iii) habitat cover
will affect diet composition.

Methods
Study area

Our study was conducted from 1984 to 2005 in the
Sumava Mountains (49° N, 13°E), the Czech Republic.
The study area of approximately 5000 km” was situated
close to the border with Germany and Austria at
elevations from 500 to 1300 m above sea level (asl).
The area is classified as a Special Protection Area for
the Boreal Owl according EC Directive 79/409/EEC.
Two-thirds of the study area was covered by forest that
consisted mainly of Norway Spruce (approximately
70%), deciduous forests (dominated by European
Beech Fagus sylvatica, Mountain Ash Sorbus aucuparia
and Sycamore Maple Acer pseudoplatanus) and mixed
forests (dominated by Norway Spruce, European
Beech, Mountain Ash, Sycamore Maple and European
Silver Fir Abies alba). Open areas were mainly
represented by meadows, pastures, fields, peat bogs and
human settlements (Kloubec 2003, Kloubec et al
2015). A total of 635 nest boxes were available within
the study area during the study period, a mean (sd) of
210.8 (184.2) nest boxes each year, totalling 4448
breeding opportunities during the study period. Each
nest box was available for a mean (sd) period of 7.0
(3.8) years. A total of 316 nesting attempts by Boreal
Owls were recorded in 173 nest boxes (mean +sd=
149+ 11.2 nesting attempts per year). The annual
occupancy of the nest boxes varied between 0.03 and
0.50 nesting attempts per box (mean +sd =0.12+£0.11)
suggesting that nest boxes were not limiting and there
were more than enough throughout the study area. All
nest boxes were kept in good condition, they were
regularly cleaned after breeding and repaired when
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necessary and the space surrounding the nest box
entrance was kept free of vegetation (for details, see
Kloubec 2003). The nest boxes were made of wood,
with base 20 x 20 cm, height 40-50 cm and with an
entrance hole 8.0-8.5 cm in diameter.

Diet analysis

We analysed diet composition for 265 nesting attempts.
The remaining material from the nest boxes was
collected after the young fledged (Korpiméki 1988).
Small mammals were identified by presence of skulls
and mandibles, according to Andéra & Horacek (2005),
and birds by feather remains, beaks and skulls. The owl
pellets or nest bedding from each nest box were soaked
for 1h in a hot 5% NaOH solution. After the hair and
feather debris were dissolved, the samples were rinsed
using a dense sieve and washed. Samples were then
dried and sorted into various categories based on the
morphology of jaw bones (maxilla and mandibles, as
well as some teeth) of mammals and beaks,
tarsometatarsi, humeri and other bones (rostrum,
carpometacarpus) of birds, using a reference collection.
For the purposes of diet analyses, we pooled the prey
items into six groups: (i) Microtus voles (Field Vole
M. agrestis, Common Vole M. arvalis, European Pine
Vole M. subterraneus and Microtus spp.); (i) Myodes
voles (Bank Vole M. glareolus); (iii) Apodemus mice
(Yellow-necked Mouse A. flavicollis and Wood Mouse
A. sylvaticus); (iv) Sorex shrews (Common Shrew
S. araneus, Pygmy Shrew S. minutus and Alpine Shrew
S. alpinus); (v) other mammals (Water Vole Arvicola
terrestris, House Mouse Mus musculus, Harvest Mouse
Micromys minutus, Northern Birch Mouse Sicista
betulina, Hazel Dormouse Muscardinus avellanarius,
Southern Water Shrew Neomys anomalus, Eurasian
Water Shrew N. fodiens, Bicoloured Shrew Crocidura
leucodon and Garden Dormouse Eliomys quercinus) and
(vi) birds (Table 1). For detailed analysis on bird prey
diet composition, we grouped birds into families or
subfamilies (for details, see statistical analyses).

Landscape data analyses

Local habitat use was assessed within a radius of 25 and
750 m around each nest box. The radius of 25m
represented the local habitat use of nest sites, while the
750 m radius (177 ha) represented the size of the
breeding home range of Boreal Owl males (Kouba
2009, Zarybnicka et al. 2015b). Habitat categories were
defined using geographical information systems (GIS)
in ArcGIS version 10.3, (ESRI) from vegetation maps of
CORINE land cover 2000. For further analyses, the

Table 1. The diet composition of Boreal Owls divided into prey
groups for the purpose of both overall diet analysis (n =265
nests) and bird prey analysis (n=60 nests). The estimate of
biomass of each main prey group is shown (calculated after
Aulagnier et al. 2008).

Overall diet Bird prey
analysis Biomass analysis

Diet group n % kg % n %
Microtus sp. 4671 24.6 152.8 324

Apodemus sp. 2654 13.9 94.9 20.1

Myodes sp. 2813 14.8 774 16.4

Sorex sp. 6369 335 63.0 133

Other mammals 1182 6.2 43.0 9.1

Birds 1328 7.0 40.9 87

Prunellidae 10 1.2
Sylviidae 109 135
Regulidae 49 6.1
Turdinae 145 179
Saxicolinae 117 14.4
Paridae 80 9.9
Sittidae 8 1.0
Certhiidae 10 1.2
Troglodytidae 10 1.2
Emberizidae 13 1.6
Fringillidae 205 253
Other birds 54 6.7
Total 19017 100 472.0 100 810 100.0

habitat cover of the study area was divided into the
following categories: (i) coniferous forests, where
coniferous tree species represented more than 75% of
the formation; (ii) deciduous forests, where broad-
leaved tree species represented more than 75% of the
formation; (iii) mixed forests, where neither broad-
leaved nor coniferous tree species were dominant; (iv)
open areas (mainly meadows, peat bogs, pastures and
fields) and other areas (water and wurban areas)
(Table 2) (for methodical details see Bossard et al.
2000). The proportion of coniferous forest within a
radius of 750 m around the available nest boxes
significantly increased with altitude (regression, df=1,
634, F=13.2, beta =0.143, P=0.0003). This relationship
was not found within a radius of 25 m (P > 0.05).

Statistical analyses

Multivariate data on diet composition and habitat
cover surrounding a nest box were calculated using
variance partitioning by principal coordinate analysis of

Table 2. Percentages of habitat cover within a buffer radius of 25
and 750 m around the Boreal Owl nest boxes (n = 635 available
nest boxes).

Buffer of 25 m
Mean percentage sd

Buffer of 750 m

Habitat cover Mean percentage sd

Coniferous forests 76.3 1.1 67.0 22.8
Mixed forests 8.8 27.4 8.7 134
Deciduous forests 29 15.8 29 83
Open areas 1.8 311 209 20.6
Other areas 0.2 43 0.5 3.0




neighbour matrices (PCNM) in Canoco v. 5 software (ter
Braak & Smilauer 2012), the method recommended by
Marrot et al. (2015). This multivariate analysis enabled
us to separate the effect of space predictors (geographical
position of the nest box) from the effect of other tested
(‘environmental’) variables (Legendre & Legendre 2012).
Simultaneously the analysis enabled us to control the
nest box availability during the study period. The
analysis included nine steps: test for environmental
variables, selection of environmental variables by partial
redundancy analysis, principal coordinate analysis
(PCoA), PCNM for all space predictors, PCNM
selection, spatial effects analysis (effect of spatial
autocorrelations),  environmental variable effects
analysis, joint effects analysis and removing of spatial
effects (Smilauer & Leps 2014).

The relationships between environmental variables
(the number of nesting attempts per nest box and
elevation) and space predictors (principal coordinates
based on geographical nest box position using a
uniform trigonometric cadastral network) and habitat
cover of the nest box surrounding within a buffer of 25
and 750 m were analysed using PCNM. Although space
predictors were not of ecological interest, we took them
into account to remove spatial autocorrelations. For this
analysis, each individual nest box was used as a data
unit and time of nest box availability (years) as a
covariate. Only nest boxes with at least one nesting
attempt were used in the analyses (n =173 nest boxes).
Proportions of habitat categories were used as response
data and were log-transformed prior to analyses as
recommended by Smilauer & Lep$ (2014).

The effect of elevation and proportions of main
habitats — coniferous forests, deciduous forests, mixed
forests, open areas (environmental variables) and space
predictors (principal coordinates based on geographical
nest box position using a uniform trigonometric
cadastral network) to diet composition (ie. the
proportion of each diet item) was analysed using
PCNM. For this analysis, we used each nesting attempt
(n =265 nesting attempts) as an independent data unit
and nest box, the number of all determined prey items
and year as covariates. The proportion of each diet
group was used as response data and was log-
transformed prior to analyses.

The effect of elevation (environmental variable) and
space predictors (principal coordinates based on
geographical nest box position using a uniform
trigonometric cadastral network) to the proportions of
bird families in the diet (response variables) was
analysed using PCNM. In this analysis, we used
individual nesting attempts (n = 60 nesting attempts) as
the independent data unit and total number of
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identified bird prey items as a covariate. Prior to this
analysis, we excluded all nesting attempts with fewer
than 8 bird individuals in the diet, ie. we included in
the analysis a total of 60 nests with 810 bird items
(mean+sd=13.5+54.9 birds per nest, Table 1).
Further, we merged all bird families with fewer than
eight individuals to the group ‘others’. The Turdidae
family was divided into subfamilies Turdinae and
Saxicolinae due to their different body sizes. The
number of all birds determined in the diet was used as
a covariate. For all PCNM analyses, P values of
predictor effects were calculated using the Monte-Carlo
permutation test. We also used false discovery rate
(FDR) to adjust selection of both space and
environmental variables and to avoid Type I Errors
(Verhoeven et al. 2005). In graphs, we show results
after removing spatial effects.

Partial relationships between the number of nesting
attempts and the proportion of coniferous forest
surrounding a nest box, main diet groups, Fringillidae
birds and elevation were calculated using regression
(StatSoft, Inc. 2013).

The preference for elevation zones was computed
using a standardized Manly Bi preference index
(Manly et al. 2002) by comparing the numbers of
available nest boxes and numbers of occupied nest
boxes within each 100 m elevational band from 500 to
1300 m asl (upper categories above 1100 m asl were
grouped together). We also computed upper
confidence limits of Bi standardized indices.

Results

The number of nesting attempts was not significantly
affected by habitat cover within a buffer radius of 25 or
750 m around nest boxes (n =173 nest boxes; buffer
25m: df=168, F=0.4, P(adj)=0.704; buffer 750 m:
df =168, F=1.6, P(adj) = 0.204). In both analyses, most
variability was explained by space predictors (buffer
750 m: space predictors 6.6%, the number of nesting
attempts 0.4%, shared fraction 0.1%; buffer 25 m: space
predictors 18.2%, the number of nesting attempts 0.2%,
shared fraction 0.1%). However, significant effects of
space predictors were found only within a buffer radius
of 750 m (buffer 750 m: four principal coordinate
variables with maximal F=15.6, maximal P(adj)=
0.041; buffer 25 m: maximal F=1.8, P at least 0.152).
Using partial regressions, we found an indicative
positive relationship between the proportion of
coniferous forests within a buffer of radius 750 m
surrounding nest boxes (meanz+sd=73.0+19.2%
coniferous habitat per nest box) and the number of
nesting attempts (regression, df =1, 172, F=2.9, beta =
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Figure 1. The relationship between the number of nesting
attempts (occupied nest boxes) and the proportion of
coniferous forests (regression, df =1, 172, F=2.9, beta=0.13,
P=0.09, n=173 nest boxes).

0.13, P=0.090, Figure 1). No relationship was found
between the proportion of coniferous forests within a
buffer of radius 25 m (82.9 +36.4% coniferous habitat
per nest box) and the number of nesting attempts
(regression, df =1, 172, F=0.8, beta=0.07, P = 0.380).

We did not find a significant relationship between the
number of nesting attempts and elevation (regression, df
=1,172, F=0.2, beta=0.01, P =0.902). Using the Manly
preference index based on nest box use and availability,
we also did not find a clear preference for any
elevational band between 600 and 1300m asl.
However, the occupied nest boxes more
frequently above 600m asl compared to lower
elevations (Figure 2).

We identified 19 017 prey items from nests (mean +
sd =71.3 £54.5 items per nest), of which 17 689 were
small mammals and 1328 were birds (Table 1). We
identified 17424 prey mammals to species (n=25
species), and 265 mammals to genus (Apodemus sp.
and Microtus sp.). We further identified 1106 birds to
species (n =52 species), 118 birds to genus (Luscinia
sp., Parus sp., Certhia sp., Phylloscopus sp., Turdus sp.
and Regulus sp.), 12 bird species to family (Sylviidae)
and left 92 birds unidentified. The diet composition of
owls was dominated by Sorex shrews (33.5%), followed
by Microtus voles (24.6%), Mpyodes voles (14.8%),
Apodemus mice (13.9%), birds (7.0%) and other
mammals (6.2%) (Table 1). Among birds, the most
frequent prey taxa were Chaffinch Fringilla coelebs
(18.2%), European Robin Erithacus rubecula (12.2%),

owls
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Figure 2. Preference for elevational zones by Boreal Owls based
on numbers of occupied and available nest boxes (standardized
Manly Bi index selectivity) during the years 1984-2005 in the
Sumava Mountains (totalling 4448 breeding opportunities). The
upper elevation band limits are shown on the horizontal axis.
Numbers below the horizontal axis indicate the number of
occupied nest boxes/the number of available nest boxes. On a
separate line are indicated the proportion of coniferous forests
within 750 m of available nest boxes. Upper confidence limits
are shown; note that in one case the confidence limit exceeds
the range of the vertical axis.

Song Thrush Turdus philomelos (10.8%), Goldcrest
Regulus regulus or Firecrest Regulus ignicapilla (6.4%),
and Eurasian Blackcap Sylvia atricapilla (5.6%). Diet
composition was not affected by habitat cover within a
buffer radius of 750m, but it was significantly
correlated with elevation (Table 3). Elevation
accounted only 1.1% of variability, space predictors
5.1% of variability and the shared fraction was 2.5%.

Table 3. The effect of elevation and space predictors (principal
coordinates, PCO, based on geographical nest box position) on
a) overall diet composition (n=265 nest boxes) and b) bird
prey composition (n =60 nest boxes) in the diet of the Boreal
Owl. Statistical significances were obtained by Monte-Carlo
permutation tests (P) and FDR (P(adj)).

Dataset Tested variable F P P(adj)
Overall diet composition Elevation (m) 10.0 0.002 0.005
PCO.2 9.8 0.002 0.042
PCO.5 9.0 0.002 0.042
PCO.4 34 0.008 0.084
Bird prey diet composition Elevation (m) 15 0.118 0.236
PCO.4 2.8 0.006 0.078
PCO.2 2.2 0.024 0.156
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Figure 3. Relationships among proportions of main diet groups
of the Boreal Owl and elevation. The first and second axes
explained 28.8% and 17.5% of variability, respectively.
Geographical variability was eliminated using PCNM analysis.

Proportions of Sorex shrews and other mammals
positively correlated with the proportion of birds and
the proportions of these diet groups positively
correlated with elevation (Figure 3). The proportions of
Microtus voles and Apodemus mice were negatively
correlated with each other and they were not correlated
with proportions of Sorex shrews, other mammals or
birds (Figure 3). The proportion of Myodes voles was
positively correlated with the proportion of Apodemus
mice (Figure 3). Using partial regression, we confirmed
that proportions of Sorex shrews (regression, df=1,
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(regression, df =1, 264, F=4.5, beta=0.13, P=0.040)
positively correlated with elevation, while proportions
of Mpyodes voles (regression, df=1, 264, F=232,
beta=—-0.28, P<0.0001) and Apodemus mice
(regression, df =1, 264, F=6.2, beta=—0.15, P=0.010)
negatively correlated with elevation (Figure 4(a-c)).

The effect of elevation on the proportion of bird
families in the diet was not significant (Table 3).
Elevation accounted only for 0.6% of the variability,
space predictors explained 1.5% of variability and the
shared fraction was 3.5%. The effect of habitat cover
on the proportion of bird families in the diet was
also not significant (P at least 0.400). However, using
partial regressions, we found a significant positive
relationship between the proportion of the most
dominant bird family, Fringillidae (Chatfinch
represented 98%), and elevation (regression, df=1,
59, F=21.8, beta=0.56, P <0.0001, Figure 4(e)).

Discussion

Coniferous forests represent a natural habitat of the Boreal
Owl through its whole range, including North America
and Eurasia (Korpimiki & Hakkarainen 2012). This
habitat offers suitable hunting conditions; for example, it
provides numerous hunting patches with low ground
vegetation and relatively stable mammal densities.
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Figure 4. Proportions of (a) Sorex shrews (df = 264, F = 17.3, beta = 0.25, P < 0.0001), (b) Myodes voles (df = 264, F = 23.2, beta = —0.28,
P <0.0001), (c) Apodemus mice (df =264, F=6.2, beta=—0.15, P=10.010), birds (df =264, F=4.5, beta=0.13, P=0.040), and (d)
Fringillidae birds (df =59, F=21.8, beta =0.56, P < 0.0001) in Boreal Owl diet along the elevational gradient (regression analyses).
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Reproductive success and survival rate of Boreal Owls also
increase with increasing portion of coniferous forest area
(Hakkarainen et al. 2003, 2008, Laaksonen et al. 2004).
In particular, this habitat provides a safe refuge for
fledglings and adult owls against avian and mammalian
predators (Bye et al. 1992, Korpimaki & Hakkarainen
2012, Zarybnicka et al. 2015b), and owls nesting in
coniferous forests may profit from lower nest predation
risk (especially early in the season before tree leafing)
compared to owls breeding in deciduous forests
(Zarybnicka et al. 2016). Moreover, some important
predators of Boreal Owls, for example the Tawny Owl
Strix aluco, prefer deciduous and mixed forests rather
than coniferous forests (Vrezec 2003, Vrezec & Tome
2004, Obuch 2011, Jensen et al. 2012). In our study area,
coniferous forests were dominant habitats surrounding
occupied nest boxes (83% within a 25 m buffer and 73%
within a 750 m buffer), and the number of nesting
attempts was not affected by the proportion of habitat
cover. These results could be caused by insufficient
resolution of Corine vegetation maps, or generally
relatively high proportions of coniferous forests in
surrounding occupied nest boxes. However, we found an
indicative partial relationship between the number of
nesting attempts and the proportion of coniferous forest
within a buffer of 750 m around nest boxes. These
findings suggest that coniferous forests may play an
important role in nest box choice by Boreal Owls in the
Sumava Mountains, but these results may be also caused
by the positive relationship between the proportion of
coniferous forest surrounding occupied nest boxes and
elevation. Moreover, the effect of changing food
availability among years should be considered.

In our study area, where elevations varied from 500
to 1300 m asl, Boreal Owls mainly used nest boxes
above 600 m asl, but no clear preference was found
for any elevational band above this border. It was
shown that more abundant occurrence of Boreal
Owls at higher elevations may be connected with the
occurrence of other predator species. For example,
Hudec et al. (2011) mentioned that the occurrence of
the Czech Boreal Owl population under 800 m asl
was limited due to the occurrence of the Tawny Owl
In Slovenian mountains (Mount Krim, Vrezec 2003)
and Czech and Polish mountains (Krkonose
Mountains, Flousek et al. 2015), Boreal Owls breed
most often at 700-1000m and 600-1000 m asl,
respectively, and the Tawny Owls at 300-600 m and
400-800 m asl, respectively. In alpine European
countries, especially in Austria and Switzerland,
Boreal Owls mostly inhabit elevations between 800-
1800 m and 1000-2000 m asl, respectively, while the
Tawny Owls mainly occupy elevations between 100-

800 m and 400-1200 m asl, respectively (Dvorak et al.
1993, Schmid et al. 1998). Using playback methods to
census owl territories on Mount Krim, Vrezec &
Tome (2004) found that Boreal Owl territories were
situated at high elevations, within those of the Ural
Owl, while territories of Boreal Owls and Tawny
Owls were highly segregated in habitat and space,
due to distinctive negative interactions. We suggest an
increased frequency of nest box occupancy by Boreal
Owls above 600 m asl in our study area could reflect
interspecific competition and predation risk from
other predators, especially the Tawny Owl.

While Microtinae voles and Apodemus mice comprise
the main prey of Boreal Owls, alternative prey comprises
Sorex shrews and birds. This scenario is supported by the
weight classes of individual prey species and hunting
abilities of the Boreal Owl. Apodemus mice, Microtus
and Myodes voles represent similar weight categories
(on average 21-30g), but Sorex shrews are
considerably lighter (on average 3-9g, Zarybnicka
et al. 2009). Birds represent a good surrogate for mice
and voles (on average 31g), but the sit-and-wait
hunting strategy of the Boreal Owl is not optimal for
hunting birds (Zarybnickd et al. 2009), which were
considered as alternative prey. The diet composition of
owls, including the Boreal Owl, reflects the spatial and
temporal availability of small mammals (Korpimaki
1988, Zarybnickd et al. 2013, Heisler et al. 2016).
Moreover, the level of vole specialization increases with
latitude (Korpimdki & Marti 1995): in Northern
Europe, voles of the genera Microtus and Myodes
constitute the dominant prey of Boreal Owl, while in
Central Europe, the diet is enriched with other
important prey species, such as Apodemus mice
(Korpimaki 1988, Zarybnicka et al. 2013). In contrast
to their northern counterparts, Boreal Owls in the
temperate zone may benefit from relatively stable prey
abundance, a more diverse prey community, longer
nights which enable prolonging time for foraging and a
lower level of interspecific competition with other vole-
eating predators (Zarybnicka et al. 2015a).

In our study area, the diet composition of Boreal
Owls significantly changed with elevation. In
particular, proportions of alternative prey, such as
birds and Sorex shrews (dominated by Common
Shrew), were positively correlated with elevation,
while the proportion of Bank Voles and Apodemus
mice decreased with increasing elevation. The
distribution and abundance of small mammal species
is associated with environmental variables such as
vegetation cover and productivity, elevation, local
climatic conditions and anthropogenic effects
(Jedrzejewski et al. 1993, Koerner 2007, Bateman



et al. 2010, Zhou et al. 2011), and it greatly varies
among years (Korpimdki & Hakkarainen 2012).
Unfortunately, we have no data on small mammal
availability in our study area that may significantly
affect our interpretations, and it is known that
breeding site suitability can change with changing
availability of main prey among years (Korpiméki &
Hakkarainen 2012, Zarybnicka et al. 2013). However,
it has been shown that Boreal Owl diet reflects
availability, and they switch from their main prey to
alternative prey only when their main prey becomes
scarce (Zarybnicka et al. 2009). Therefore, we suggest
the shift in Boreal Owl diet at higher elevations
probably reflected the limited food availability of
main prey species (voles and mice).

Birds were the most common alternative prey in the
diet of the owls and these included: Fringillidae
(mainly Chaffinch), Turdinae (mainly Song Thrush),
Saxicolinae (mainly Robin) and Sylviidae (mainly
Blackcap). Similar results have been obtained by other
authors from central and northern Europe (Pokorny
et al. 2003, Korpimdki & Hakkarainen 2012). We
further found that the proportion of Fringillidae in the
diet of our owls increased with elevation. In our study
area, Chaffinch, Song Thrush, European Robin and
Blackcap are typical inhabitants of higher elevations,
i.e. 700-1400 m asl (Kloubec et al. 2015). However, the
Chaffinch population reaches substantially higher
abundances (100-200 individuals per 100 transect
points) compared to other song birds (Blackcap 50-90,
Song Thrush 10-40, Robin 40-80 individuals per 100
transect points) (Kloubec et al. 2015). We suggest that
the high abundance of the Chaffinch population
increases its availability for an opportunistic predator
such as the Boreal Owl. Additionally, we suppose that
Chaffinches are probably easily accessible prey due to
their conspicuous behaviour, for example singing
openly from high perches, often dwelling on the forest
floor and showing increased singing activity during
twilight hours (Kloubec & Capek 2012).

We conclude that Boreal Owls in our study did not
show a clear preference for any habitat cover. We also
did not find a preference for any elevational band
above 600 m asl, but the owls scarcely bred below
this elevational border. The diet was not affected by
habitat cover. However, the proportion of alternative
prey significantly rose with increasing elevation.
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During a two-year study in Central Europe, we used a combination of pellet analysis and
camera recordings to assess the diet composition of Tengmalm’s Owls during the bree-
ding season, with regards to availability of the main prey components in the field. The diet
of the owls consisted mainly of voles (Arvicolidae), mice (Muridae) and shrews
(Soricidae), and their proportion in the diet reflected their local abundances in the field.
Pellet analysis allowed us to determine 40.2 (6.9 SD)% in 2004 and 46.4 (+ 14.7 SD)%
in 2006 of all delivered prey items recorded by cameras. We determined 77.1 (+ 17.1
SD)% in 2004 and 80.2 (+ 12.5 SD)% in 2006 of the prey items recorded by camera moni-
toring. Pellet analysis underestimated the proportions of all main diet components, but the
differences were significant only for the proportion of voles and birds. The underestima-
tion of voles may have been a consequence of their decapitation before delivery to the
nest. We regularly recorded decapitated voles and mice in the nest boxes of Tengmalm’s
Owl, while whole shrews were found more often. Our study highlights that a combination
of both methods allows for a more accurate assessment of diet composition in nocturnal
raptor species.

1. Introduction

Tengmalm’s Owl (4egolius funereus) is a noctur-
nal avian predator that feeds mainly on voles in
Northern Europe (Korpiméki 1981, 1988), and
voles and mice in Central Europe (Korpimaki
1986, Pokorny 2000, Pokorny et al. 2003). The
abundance of small rodents considerably varies
from year to year. When their abundance is low,
the proportion of shrews and birds in the diet in-
creases substantially (Korpiméki 1981, 1988,
Koivunen et al. 1996).

Numerous studies on the diet composition of
raptors have been based on prey-remain collec-
tions and pellet analyses (reviewed by Marti et al.
1993). Most dietary studies on Tengmalm’s Owl
have been based on pellet analyses or stored prey
in cavities (Korpiméki 1981, 1988, Sulkava &
Sulkava 1971, Schwerdtfeger 1988, Pokorny et al.
2003). However, some authors pointed out that
such data may be biased due to an underestimation
of particular diet components (Redpath ez al. 2001,
Booms & Fuller 2003, Lewis et al. 2004, Tornberg
& Reif 2007). Such bias can be caused by several
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factors including unequal preservation of particu-
lar prey remains, manipulation of prey by chicks
and adult birds at the nest, or prey coloration (Rutz
2003). While pellet analyses usually underesti-
mate the proportion of birds, analyses of prey re-
mains underestimate the proportion of small mam-
mals (Simmons et al. 1991).

Cameras can be successfully used to study the
breeding behaviour of raptors and their diet com-
position (e.g., Pierce & Pobprasert 2007, Reif &
Tornberg 2006, Grivas et al. 2009). This method
also produces more reliable data on diet composi-
tion and delivery rates (Korpiméki 1981, Rogers et
al. 2005). For example, the proportion of small
mammals in the diet of Common Buzzards (Buteo
buteo) appeared to be underestimated in an analy-
sis of prey remains (Tornberg & Reif 2007). An-
other advantage of camera surveillance is a lower
disturbance of raptors during breeding, which may
lower the risk of nest abandonment (Cain 1985).
Finally, due to the nocturnal activity of owls, it is
not possible to observe prey deliveries to the nest
from a hide or screen. Therefore, camera monitor-
ing remains the only effective method to study owl
feeding ecology.

In this study, we assessed the diet composition
of Tengmalm’s Owl in the Ore Mountains, Czech
Republic, by a pellet analysis from nest boxes and
using nest recording by continuous camera sur-
veillance (Reif & Tornberg 2006). The aim of the
study was to compare the mean delivered numbers
of main diet components collected by each me-
thod. Furthermore, we assessed the availability of
the main components of small mammal prey and
compared their abundance with their dietary pro-
portion.

2. Material and methods
2.1. Study area and population

The study area was situated in forests damaged by
industrial air pollution in the Ore Mountains (50°
N, 13° E) in the Czech Republic at altitudes rang-
ing between 735 to 956 m a.s.l. The study area is
covered by fragments of Norway spruce forest,
open areas and forest clearings (dominated by
Wood Reed Calamagrostis villosa), solitary trees
(mostly European Beech Fagus sylvatica) and
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plantations of Blue Spruce Picea pungens, Birches
Betula spp., European Mountain Ash Sorbus au-
cuparia and European Larch Larix decidua. With-
in these habitats, 120 nest boxes for the Teng-
malm’s Owls were placed in an area of 70 km’.
Data on diet composition were collected between
May and July 2004 and 2006. We monitored four
nests in 2004 (27% of the nest-box breeding popu-
lation) and six nests in 2006 (25% of the nest-box
breeding population). All nests in both study years
were successful, i.e., at least one young fledged at
each nest.

2.2. Food supply

The abundance of small mammals was assessed
using the snap-trap capture method (Pelikdn
1971). The captures were carried out in both years
at the beginning of June (peak of the small mam-
mal breeding season in the mountains; Dr.
Vladimir Bejcek, Czech University of Life Sci-
ences, pers. comm.). The traps were laid out in
three squares in each year. Each square covered an
area of 100 m x 100 m, within which the traps were
placed 10 m apart. Thus, a total of 121 traps were
laid. The traps were exposed for three nights and
checked once a day. The number of caught indi-
viduals per night was assessed in each square
(number of individuals/hectare*trapping night).
All caught mammals (79 individuals in 2004 and 3
individuals in 2006) were determined to species
level.

2.3. Camera monitoring

The equipment consisted of a camera (DECAM
OBSERVER, version 1.5.136.0, SINIT), a chip
reader (PS02, ELVIS), a movement data logger
(ZS4, COMET), an infrared motion detector
(KS96, KOTLIN) and infrared lighting (IR di-
odes, SFH 485-2,880 nm; Bezouska et al. 2005).
Cameras were installed inside the nest box oppo-
site the opening. They were triggered by the infra-
red detector sensitive to movements in the nest-
box opening. The time of detection was recorded
by the movement data logger and 1-3 photos were
taken for each feeding event. During the night, the
opening was illuminated by infrared diodes during
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Table 1. The abundance of small mammals captured using snap traps in 2004 and 2006.

2004 2006
Family Species Ind./ha*night £ SD N Ind./ha*night +t SD N
Muridae Apodemus flavicollis 6.2+4.38 56 0.0 0
Arvicolidae  Microtus agrestis 1.1+£11 10 0.3+0.7 3
Clethrionomys glareolus 1.0x0.7 9 0.0 0
Soricidae Sorex araneus 04+05 4 0.0 0

picture taking. All adult owls and nestlings were
marked by chip rings (BR chip ring, BENZING).
A chip reader fixed by the nest-box opening de-
tected and archived all movements of chips in the
nest opening. Using this equipment, we were able
to record most prey items delivered to the nests and
determine the genus or family of caught birds and
mammals. The nests were continually monitored
by the camera system for 24 hours per day from
hatching to the fledging phase. Each nest was re-
corded over amean period of 28.3 £8.5 SD days in
2004 (73.5 £ 24.2 SD% of the chicks’ stay in the
nest box), and 25.0 + 8.6 SD days in 2006 (78.9 +
17.6 SD% of the chicks’ stay in the nest box).

2.4. Pellet analysis

Pellets and prey remains were collected twice dur-
ing the period when most chicks were still present
at the nest box (2004: 39.0 £ 3.7 SD days per nest,
2006: 31.2 + 6.1 SD days per nest). All remaining
material was collected after chicks’ fledging. The
material was moistened with added detergent.
Consequently, the material was dissolved in a 5%
solution of NaOH (Schueler 1972) and the bony
material was blanched using 2—-5% solution of hy-
drogen peroxide. Small mammals were deter-
mined by identifying skulls according to Andéra &
Horacek (2005), and birds by beak and skulls us-
ing a reference collection.

2.5. Statistical analyses

All analyses (Wilcoxon matched-pairs tests, Mann
Whitney U'tests, a z test and a Chi-square test) were
performed using STATISTICA (Statsoft Inc.
1996). Values below are reported as mean + SD

per nest or trapping site. For the non-parametric
tests, we used data pooled for taxonomic families,
because of similar body sizes (approximately sim-
ilar energetic value) of prey species within these
groups. One exception to this rule, the European
water vole (Arvicola terrestris), was very scarce in
the diet (n = 3) and we considered its impact on the
analyses to be negligible compared to the large
numbers of other small sized voles (Arvicolidae).

3. Results
3.1. Food supply

The food supply of small mammals changed be-
tween the years. The abundance of small mammals
was significantly higher in 2004 than in 2006 (8.8
+ 6.2 vs. 0.3 £0.7 ind./hectare/night; t = 4.1, P <
0.001,n, =9, n,=9). The taxonomic composition
of the food supply also differed significantly be-
tween the two study years (y” = 154.0, df =3, P<
0.0001). In 2004, the yellow-necked mouse Apo-
demus flavicollis was the dominant prey species
(70.9%), while only field voles Microtus agrestis
were found in traps in 2006 (Table 1).

3.2. Diet composition

In 2004, 300 prey items were determined by pellet
analysis (75.0 + 8.5 individuals per nest). We re-
corded 754 prey items using camera monitoring,
of which we were able to determine 570 items
(142.5+15.9 prey items per nest; Fig. 1). Thus, we
were able to determine to genus/species 40.2 +
6.9% of items in the pellet analysis and 77.1 £
17.1% of items in the camera monitoring. In 20006,
809 prey items were recorded using the camera
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Fig 1. The number of
prey items per nest de-
termined by pellet analy-
0 sis and camera monitor-
ing in 2004 and 2006
(mean = SD). Open
squares — pellet analy-

40
2004

system. Of these, we were able to determine 383
prey items to genus/species by pellet analysis
(63.8 + 34.4 prey items per nest) and 617 items
(102.8 £ 33.2 prey items per nest; Fig. 1) by cam-
era monitoring. In total, pellet analysis allowed a
determination to genus/species in 46.4 + 14.7% of
cases, and camera monitoring for 80.2 + 12.5% of
all delivered prey items.

The main diet component consisted of voles,
which made up 56.0% of prey in camera data and
46.6% in pellet data. The identified species were
field vole Microtus agrestis, common vole Micro-
tus arvalis, bank vole Clethrionomys glareolus
and European water vole. Other important compo-
nents were mice (28.5% in camera and 36.3% in
pellet data; species: yellow-necked mouse and
wood mouse Apodemus sylvaticus) and shrews

Table 2. Mean numbers of prey items + SD deliv-
ered to Tengmalms’ Owl nests recorded by cam-

eras during early and late phases of chick rearing
(ages <16 days and > 16 days, respectively).

Taxa Early N Late N
Muridae 115+164 115 2141266 214
Arvicolidae 25.3+15.1 253 427 +17.3 427
Soricidae 46+34 46 79+6.5 79
Birds 1.5+£1.0 15 35+22 35
Gliridae 0204 2 01+03 1

sis, filled squares —

2006 camera monitoring.

(9.6% in camera and 13.3% in pellet data; species:
common shrew Sorex araneus and Eurasian
pygmy shrew Sorex minutus). Minor dietary com-
ponents were song birds (5.2% in camera and
3.4% in pellet data; species: Chaffinch Fringilla
coelebs, tits Parus spp., Sylvia and Phylloscopus
warblers, European Robin Erithacus rubecula,
pipits Anthus spp., Dunnock Prunella modularis,
and others) and dormice (0.8% in camera and
0.4% in pellet data; species: hazel dormouse
Muscardinus avellanarius).

Camera monitoring and pellet analysis may be
incomparable to some degree because most pellets
accumulated at the end of the rearing period, while
cameras were used throughout rearing. Therefore,
we performed an analysis to compare the similar-
ity in the numbers of delivered prey items recorded
by cameras between early and late breeding phases
(chicks’ age < 16 and > 16 days, respectively). We
did not find significant differences between these
two phases (Table 2; Wilcoxon matched-pairs test:
Z=1.7,P=0.079). Based on these results, we used
the whole camera dataset for further comparisons.

Pellet analysis, compared to camera monitor-
ing, underestimated the mean delivered numbers
of individuals in all diet groups. However, signifi-
cant differences were found only for voles and
birds (Table 3). For mice, these differences were
marginally significant (P=0.0506). Between-year
changes in mean numbers of delivered prey were



Zarybnicka et al.: Diet of Tengmalm's Owl assessed by two methods 151

Table 3. Mean number of items + SD per nest in the diet of Tengmalm’s Owls in 2004 (n = 4 nests) and
2006 (n = 6 nests) recorded by pellet analysis and camera monitoring, and results of statistical analyses.
Method comparison was carried out using Wilcoxon matched-pairs test, and between-year comparison was
undertaken using Mann-Whitney U test. Significant (P < 0.05) values are marked with an asterisk.

Taxa Camera Pellet Z P 2004 2006 U Z P
Muridae 33.8+416 24.8+30.1 20 0.0506 69.9+172 23+27 38.4 3.7 0.0002*
Arvicolidae 66.4 +£256 31.8+26.9 2.8 0.0051* 314+19.0 609%+326 225 -1.9 0.0537
Soricidae 11.4+£73 9.1+99 16 0.1097 3629 147+83 11.0 -2.8 0.0048*
Birds 6.1+1.8 2.3+3.3 2.0 0.0469* 29+34 51+3.0 295 -14 0.1622
Gliridae 1.0+£1.2 0.3+0.5 16 0.1056 1.0+1.3 0.4+0.7 37.0 0.9 0.3559

significant for mice and shrews. The numbers of
delivered mice changed consistently with the
availability of mice in the field. In 2006, we re-
corded low numbers of mice in the field as well as
in the diet of Tengmalm’s Owls (Tables 1 and 3).
A similar pattern was found for shrews and voles;
however, their total numbers in the field were low
(Table 1).

4. Discussion

The diet composition of vole-eating specialists
strongly depends on the abundance of voles, their
main prey species (Jaksic & Braker 1983, Recher
1990, Marti et al. 1993, Valkama et al. 2005). In
Northern Europe, the diet composition of Teng-
malm’s Owl is closely related to the abundance of
their main prey in the field (Korpiméki 1981,
1988). In Central Europe, changes in vole abun-
dance do not show regular 3—4 years cycles, but
show greater variability between years (Tkadlec &
Stenseth 2001). Our two-year data partially sup-
ported previous findings in that we confirmed an
overall, high significance of voles as the main prey
for Tengmalm’s Owls. However, we also recorded
a high proportion of mice in the diet, and their
numbers changed in concert with their availability
in the field. In 2006, the availability of mice de-
creased, and we recorded an increased proportion
of voles in the diet. North European Tengmalm’s
Owls use shrews and small birds as alternative
prey (Korpiméki 1981, 1988). In our data, the
number of shrews in the diet also increased with
increased availability, but the numbers of eaten
birds did not change significantly, supporting
studies done at similar latitudes (Pokorny 2000,
Pokorny et al. 2003).

Only a handful of studies can be used for meth-
odological comparisons with our results. Korpi-
méki (1981) studied Tengmalm’s Owl diet and ob-
tained inconsistent results: his camera system
tended to overestimate the number of delivered
prey items in one year, but underestimate the num-
ber in subsequent years. Our results showed that
pellet analysis underestimated the number of prey
delivered to the nest relative to camera monitoring.
These findings agree with earlier studies on Com-
mon Buzzard Buteo Buteo, Rough-legged Buz-
zard Buteo lagopus and Goshawk Accipiter genti-
lis (Tornberg & Reif 2007). Interestingly, our re-
sults support these findings despite the different
digestive ability of owls and diurnal birds of prey.
Diurnal birds of prey can digest more bones than
owls due to lower pH in their digestive tracts
(Duke et al. 1975). According to our experience,
there are marked differences in preservation of
bones among complete pellets and material taken
from the nests. Bones were scarcer in the material
from the nests probably, due to the activity of
chicks (J. Riegert, pers. obs.).

The effectiveness of determining prey species
to higher taxa (genus or family) was higher for
camera monitoring than pellet analyses. In our
data, we were able to determine 40.2% (in 2004)
and 46.4% (in 2006) of delivered prey items by
pellet analysis. Camera monitoring allowed for the
determination of a higher proportion of delivered
prey items than pellet analyses (77.1% and 80.2%,
respectively). When accounting for the time of
camera exposition (73.5% in 2004 and 78.9% in
2006 of the chicks’ stay at nest), the proportion of
determined prey using pellet analysis was further
decreased to approximately 30-35%. Similar re-
sults were obtained by Tornberg & Reif (2007),
but they noted that the exact determination to spe-
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cies level was more difficult using a camera sys-
tem compared to a prey-remains analysis. Our ex-
perience supports this finding. For example, deter-
mination of bird-prey items to species was nearly
impossible by camera monitoring, and an exact de-
termination was only possible using prey remains
and pellet analysis.

Taxonomic diet composition estimation was
also affected by the method used. Using pellet
analyses, we recorded lower numbers of all main
prey groups, but marked differences were found in
voles, birds and mice. Similar results were already
shown in a study on Common Buzzards, where the
proportion of voles was underestimated by pellet
analysis (Tornberg & Reif 2007). Contrary to our
research, Lewis et al. (2004) showed that the pro-
portion of birds in the Goshawk diet was underes-
timated by pellet analysis and the proportion of
mammals was underestimated by camera monitor-
ing. These differences across species may be
caused by the size of delivered prey and prey han-
dling behaviour. For example, in the diet of Gyr-
falcons (Falco rusticolus), the proportion of small
passerines was underestimated sevenfold using
prey remains, but the proportion of large prey
(Rock Ptarmigan Lagopus mutus) was underesti-
mated threefold using camera monitoring (Booms
& Fuller 2003). The bias can be explained by the
prey consumption habits of Gyrfalcons, since
Rock Ptarmigans were rarely eaten completely
and small prey items were almost always eaten en-
tirely. A similar pattern was found in our data, as
the underestimation of voles (and mice) observed
by camera monitoring was probably a result of
vole decapitation before their delivery to the nest.
This is supported by our regular findings of decap-
itated voles and mice in the nest boxes. Prey de-
capitation is a well-known feeding behaviour in
raptors (hawks Accipitriformes, falcons Falconi-
formes and owls Strigiformes) and may play sev-
eral functions such as decreasing the weight of the
transported prey items and food preparation for
chicks (Glutz von Blotzheim & Bauer 1980, Steen
et al. 2010). In agreement with Steen et al’s.
(2010) study on Kestrels (Falco tinnunculus), we
recorded frequent decapitation in voles and mice,
but shrews were never decapitated. Furthermore,
light conditions and image quality can influence
the estimated diet composition assessed by camera
monitoring (Booms & Fuller 2003). If the prey is
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decapitated then its taxonomic determination
through pellet analysis based on post-cranial fea-
tures becomes nearly impossible.

Based on our results, we recommend the use of
both pellet analysis and camera monitoring to ac-
curately assess diet composition of breeding rap-
tors and owls. This is especially crucial in owls,
where observations from hides or screens are im-
practical due to darkness.
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Helmip6llon ravinnon koostumus: kamera-
seurannan ja pellettianalyysin vertailu

Toteutimme Keski-Euroopassa kaksivuotisen
seurannan, jossa madritimme pellettianalyysin ja
kameraseurannan avulla helmipdllon (Aegolius
funereus) pesimékautista ravinnon koostumusta
suhteessa maastossa saatavilla olevaan ravintoon.
Pollgjen ravinto koostui enimmékseen myyrista
(Arvicolidae), hiiristd (Muridae) ja pédstiisista
(Soricidae), ja ndiden osuus ravinnossa heijasteli
niiden saatavuutta maastossa. Pellettianalyysissé
tunnistimme 40,2 (= 6,9 SD) % vuonna 2004 ja
46,4 (£ 14,7 SD) % vuonna 2006 kaikista kame-
raseurannassa havaituista saaliseldimista.
Kameraseurannalla tunnistimme 77,1 (£ 17.1
SD) % vuonna 2004 ja 80,2 (+ 12,5 SD) % vuonna
2006 kaikista kameran tallentamista saaliseldimis-
td. Pellettianalyysi tuotti kaikista padsaalisryhmis-
td aliarvion, mutta erot olivat tilastollisesti merkit-
sevid vain myyrien ja lintujen osuuksille. Myyrilla
tdma voi johtua siité, ettd emo usein poistaa saaliil-
ta padn ennen sen tuomista pesélle. Havaitsimme
paattomid myyrid ja hiirid sddnnollisesti helmipdl-
16n pontdissd, mutta padstdiset olivat useammin
kokonaisia. Tutkimuksemme osoittaa, ettd mene-
telmien kaytto yhdessa tuottaa tarkemman saalis-
koosteen arvion ydaktiivisilla petolinnuilla.
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Abstract. The hunting ranges of 34 male urban Kestrels were studied in a small city (40 km?) in S Bohemia (Czech
Republic). It was assumed that males from the city center and periphery hunt for voles mainly on the city's outskirts.
The “city-center” males are unable to defend their hunting ranges on the periphery because of aggression on the part
of the “periphery” Kestrels. To counter this, they may either 1) invade the hunting ranges of periphery males or 2)
establish their own exclusive hunting ranges. Our data supported the first suggestion. Hunting range size varied
greatly, from 0.8 to 25.0 km? (7.2 = 6.9 km?), with large overlaps of between 0.3% and 51.4% (12.5 = 11.6%). The ranges
of city-center males were several times larger than those of the periphery males, and greatly overlapped the ranges of
other city center and periphery males. Overlapping of the hunting ranges of periphery males was less extensive. The
higher energy costs in terms of flying to distant suitable hunting areas and frequent changes of hunting grounds should
decrease the preference for nesting in the city center. Therefore, we suggest that Kestrels derive other advantages from
living in the city center (e.g., the high quality of nest sites). Cohabitation, whereby city center males invade the

hunting grounds of periphery males, appears to be a more effective strategy than partitioning.
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INTRODUCTION

Among European raptors, the Common
Kestrel colonized cities most successfully (Cramp
& Simmons 1980). Their breeding densities in
cities are higher than farmland populations
(Plesnik 1992, Salvati et al. 1999). Studies of urban
Kestrels in large European cities usually indicate a
high proportion of birds in the diet (Yalden
1980, Darolova 1986, Quere 1990, Plesnik 1992,
Romanowski 1996, Kiibler et al. 2005). On the
other hand, voles still comprise a considerable
part of Kestrel diet in these cities (i.e. Plesnik 1992,
Romanowski 1996, Rejt et al. 2000). Voles are not
available in the city center (Cihdkova & Frynta
1996), therefore, Kestrels are forced to hunt voles
outside of the urbanized area.

Vole-eating raptors are mainly territorial, due
to large energy requirements (Peery 2000). Many
factors affect their home range size, especially
food conditions (Village 1982, 1987), breeding

density (Bowman & Bird 1986, Leary et al. 1998),
phase of breeding cycle (Sparks et al. 1994) and
relatedness of individuals (Walls & Kenward
2001).

The Kestrel territory is defined as actively
defended area, usually within a radius up 100 m
from the nest (Cavé 1968). On the other hand,
home ranges (~ whole activity ranges) can be sev-
eral times larger than territories. In general,
Kestrel home ranges are always larger than active-
ly defended territories (Village 1990).

Common Kestrels maintain their territories
during the breeding season (migratory popula-
tions) or throughout the whole year (resident
populations, Village 1990), defending them from
other Kestrels. Similarly to other falcons, Kestrel
males provide most of the food for chicks (Cramp
& Simmons 1980). Simultaneously, the males
defend their territories more often and more vig-
orously than females (Wiklund & Village 1992).
The hunting ranges of Kestrels may usually
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surround the nest (Village 1990, Cavé 1968), thus
inside of the home range. The size of territory and
home range may decrease with the course of
breeding season (Cavé 1968) and increase when
density of Microtus spp. decreases (Village 1990).
The hunting range overlap could be a common
feature, depending on conditions, included indi-
vidual factors (Village 1990). However, these
results were obtained from farmland populations
only; information about spatial activity of urban
Kestrels is missing.

The hunting ranges of Kestrel males were
studied in a small sized city of 40 km? (Ceské
Budéjovice, Czech Republic) during the time of
chick rearing. The Kestrels breed in the city center
(continuous urbanized area), as well as on its
periphery (mosaic of urban and ruderal habitats).
Kestrels in Ceské Budé&jovice hunt almost exclu-
sively outside of the urbanized area and the com-
mon vole Microtus arvalis dominated the diet of
their chicks (68-88% by numbers, 89-95% within
biomass), even during low vole years (Fainova
2005).

Given this, males nesting in the city center
seem to have two possibilities of dividing among
one another their hunting ranges placed in the
city peripheral area: 1) to invade the periphery
hunting ranges of other males (cohabitation) or 2)
to establish their own exclusive hunting ranges
(partitioning). Our predictions are that: a) the
hunting ranges of males from the city center are
larger compared to those of periphery males and
b) the hunting ranges of males from the city cen-
ter overlap more with those of other males than
hunting ranges of periphery males do.

MATERIAL AND METHODS

Study area and Kestrel population

The population of Kestrels was studied in
Ceské Budéjovice (Southern Bohemia; 49°N, 14°E;
40 km?; 100 000 inhabitants; 250-300 m a.s.l.) dur-
ing the breeding seasons 2002-2004. The Kestrels
breed in loft-windows of old buildings, factories
and churches. A minority of nests were found on
trees or in nest boxes, attached to buildings. The
population of Kestrels included ca 30—40 breeding
pairs each year (Riegert & Fuchs 2004). The hunt-
ing grounds are mostly meadows (36%), cereals
(35%) and ruderal areas (19%). The rest (10%)
were composed of alfalfa, rape or cornfields. The
proportion of habitats did not change markedly
between years (less than 3% in any of them).

Vole trapping

Pitfall traps (100 plastic bottles with a cut
neck and a 2 1 capacity) were used each year,
following methodology of Andéra & Horacek
(1982). The traps were installed on 10 Kestrel
hunting grounds (a trap line was composed of
10 traps per hunting ground, span 3 m) in the
second half of July. The timing of trapping
was determined by the approximate end of
the breeding season, when the last Kestrel chicks
were reared. This arrangement enabled us to
synchronize the trappings among years, since
the population hatching span between years also
varied (see further). The reason of synchroniza-
tion of the trapping dates were because the
intra-year fluctuations in our area are unknown.
The traps were filled with a 4% fusion of
formaldehyde as a fixation agent and exposed
for 17 days. The trap lines were placed in two
types of vegetation cover: meadow (6 lines)
and ruderal (4 lines). The vegetation cover of rud-
erals is not cut; meadows are usually cut at the
end of July. The trapping effort was 1700 trap-
nights per year. We caught 266 voles in the breed-
ing seasons 2000-2005: 19 in 2000 (1.9 ind./trap
line), 29 in 2001 (2.9 ind./trap line), 79 in 2002 (7.9
ind./trap line), 20 in 2003 (2.0 ind./trap line), 21
in 2004 (2.1 ind./trap line) and 98 in 2005 (9.8
ind./trap line). The years 2002 and 2005 seemed
to be peak vole years, whereas 2000, 2003 and 2004
were low vole years.

Trapping and tagging of Kestrels

The Kestrels were trapped near nesting holes,
using a fake Eagle Owl Bubo bubo, without using a
tape-recorder (owl decoy induced attack). All the
animals were trapped during the incubation
stage. A mist-net with a 50 mm mesh was
used. For the purpose of this study, only males
were tagged since they provide most of the food
for the chicks (Cramp & Simmons 1980). Although
there were up to 40 pairs in the city, trapping
was possible only at approximately 1/3 of all
nests in the city. In total, 46 males were trapped
(2002: 15, 2003: 20, 2004: 11). The males were
equipped with either wing-tags (34) or transmit-
ters (12). The wing tags (2 x 5 cm) were installed
on the patagium using a nylon rod (Village 1982).
One or two tags of different/same coloration
were used. The transmitters were of a standard
“back-pack” type (4.5 g, with a TW-4 battery
with a lifespan of up to six month). Three-piece
Yaggi aerial and wideband receiver AR-8000
were used for telemetry locations.
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Hunting range assessment

A total of 34 Kestrel male hunting ranges were
assessed (2002: 11, 2003: 12, 2004: 11). The distribu-
tion of males on the gradient from city center to its
periphery was quite equal (Spearman rank corre-
lation, r, = 0.28, p > 0.05, n = 8 distance cate-
gories). Eight males were radio tagged. We includ-
ed into analyses only results obtained from 1 male
with 12 locations. All 34 males were checked at the
nest with visual control during the rearing of
chicks. Moreover, all of these males bred success-
fully. The number of locations for the other 12
excluded males was far below 10. This was caused
either by failure of their breeding attempts (8) or
they were non-breeding males caught at another
male’s nest hole (4). The number of locations var-
ied between 12 and 38 (mean 19.1 = 6.4), totalling
661 locations. We did not include locations of
over-flying Kestrel males that did not stop on the
hunting grounds. The locations of wing-tagged
males were collected during observations on the
hunting grounds.

Fights among individuals were recorded dur-
ing 30-60 min observations on hunting grounds.
This parallel project was realized in the years
2000-2005 (2000: 27 hours, 2001: 34 hours, 2002: 28
hours, 2003: 69 hours, 2004: 65 hours and 2005: 67
hours). All the observations took part during rain-
less days only.

Records were gathered from May to July dur-
ing the time of chick rearing. The start of observa-
tions in each year was set by the first hatching of
chicks (4 May 2002, 17 May 2003, 17 May 2004).
The mean date + SD of hatching for the popula-
tion was as follows: 2002 —15 May * 7 days (n =
10), 2003 — 27 May =+ 6 days (n = 10) and 2004 —
2 June * 7 days (n = 12). Therefore, observations
were continued until the last chick fledged (at
least for six weeks). All locations determined by
telemetry were verified with visual sightings,
using a binocular 7 x 50.

The hunting range area was calculated using
the Minimum Convex Polygon Method (Ford &
Myers 1981), excluding the nest site. The nest was
excluded because of possible effect of “artificial”
enlargement of hunting area of Kestrels from city
center that do not hunt nearby its nest and just
over fly urbanized area. The polygon was
assessed using hunting sightings only. The city
center was represented by the center of the “old-
town”, where also lies an approximate geographi-
cal centroid of the total urbanized area. We use the
terms “periphery” or “city centre Kestrels” (or
their modifications) within the text. This means

that particular Kestrels that breed close to periph-
ery or center (centroid) polus of the gradient of
urbanized area within the city are not two distinc-
tive categories of males. Therefore, our dataset
does not have a discrete distribution and both the
terms may just approximate the real position of
the nest. Hunting range overlap was expressed as
a percentage of the shared area between two
hunting ranges. The overlap was measured for all
overlapping “couples” of males.

Statistical analyses

To control for a potential bias of the method
used, ANOVA was computed to compare radio-
tagged vs. wing-tagged males (Statsoft, Inc. 1996).
Generalized Linear Models (GLM) with a relevant
link function were used to analyze an influence of
factors on hunting range parameters (McCullagh
& Nelder 1989). Factors were incorporated using
forward selection, according to Mallow’s Cp-sta-
tistics (Mallows 1973). The factors included are
mentioned for each model. Only three males were
observed in more than one year, thus partially
removing the effect of pseudoreplications. We
used t-tests for comparisons of groups of
radio/wing-tagged males, and Kruskal-Wallis test
to compare inter-year differences in the hunting
range size. Data on male distribution within
urbanized area and behavioral data on fights were
analyzed using Spearman rank correlations.

RESULTS

Hunting range size and observation method used

The number of locations (wing-tagged males:
19.7 £ 6.9, n = 26; radio-tagged males: 17.1 +
39, n = 8§, t-test, d.f. = 1, t = 0.992, p = 0.334)
and the hunting ranges (wing-tagged males:
6.2 = 6.1 km? radio-tagged males: 9.4 = 8.6 km?,
t-test, df. = 1, t = -1.14, p = 0.265) did not
show any differences between the two groups of
males.

Nest location and hunting range size

Hunting range size varied from 0.8 to 25.0 km?
(72 = 6.9 km?). The data unit for analysis was
represented by an individual male’s hunting
range. The numbers of locations, distance of the
nest from city center and vole abundance were
included into the GLM model. The amount of
urbanized area within a hunting range was
used as a covariate. The hunting range size was
not affected by either number of locations or



72 J. Riegert et al.

vole abundance. The inter-year differences in the
hunting range size (medians for years; 2002: 2.8
km?, 2003: 4.5 km?, 2004: 5.0 km?) were not signif-
icant (Kruskal-Wallis median test, H = 2.08, df = 2,
p = 0.354). The hunting range size was negatively
correlated with the distance of the nest from the
city center (Table 1, Fig. 1).

Nest location and hunting ranges spacing

Hunting ranges of “periphery males” usually
overlapped each other less than 10% (Fig. 2).
Some hunting ranges of “periphery males”
showed great overlap (> 50%). However, these
couples tended to enlarge one of these hunting
ranges (Fig. 2). Hunting ranges of “city center
males” often covered most of ranges (up to 100%)
of “periphery males” (Fig. 2). Ranges of males
from “city center” often showed great overlap
(30-50%), but the shared space was mainly repre-
sented by urbanized area (Fig. 2).

There was usually a greater overlap among
center males than among the periphery ones (Fig.
3). The overlap of two hunting ranges varied from
0.3 to 51.4% (mean 12.5 = 11.6%). The data unit
for analysis represented the intersection between
two overlapping hunting ranges.

The sum of nest distances from the city
center, calculated for each two males with
overlapping hunting ranges, and vole abun-
dance were included into the GLM model. The
sum of the distances for a couple of nests indi-
ca-tes the position of nests in the area of the city
as follows: A minimal value shows that both
nests are situated near the city centroid, while a
maximal value indicates that both nests lie close
to the city periphery polus of the gradient.

The sum of nest distances from the center
negatively affected the extent of overlap be-
tween hunting ranges (Table 1, Fig. 3). Mini-
mum values of hunting range overlap were
typical for “couples” of periphery males, maxi-
mum for center ones. Vole abundance did not
affect the extent of overlap between hunting
ranges.
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Fig. 1. Hunting range size and distance of the nest from the city
center (N = 34).

Fights among hunting individuals

We recorded 91 fights among Kestrels on hunt-
ing grounds. The frequency of fights was nega-
tively correlated with vole abundance (Spearman
rank correlation, r, = -0.93, p < 0.05, n = 6 years).
We recorded both fights between tagged and non-
tagged males (or pairs) from open landscape and
also fights between two tagged males (one from
periphery and the second from city center). The
“intruders” were, as a rule, driven from the hunt-
ing ground (or territory) of defending pair.

DISCUSSION

Hunting range size

Although, both the methods used are adequate
for studying hunting ranges, they can clearly dif-
fer in results obtained. While the data from radio-
tracking are “real”, those from wing-tagging are
dependent on actual position of the observer and
what the observer can see (wing-tagged Kestrels
were safely distinguished at distance less than 200
m approximately). Therefore, we compared these
two datasets. The hunting ranges of radio-tagged
males were distinctively larger than those of
wing-tagged males, which was caused by a male’s
nest location. Five radio-tagged males nested
up to 2 km from the city centre and only three

Table 1. Statistical analyses of the home range parameters of urban Kestrel males from Ceské Budé&jovice. GLM,
forward factor selection, only factors with significant effect are included. * — covariate: urbanized area.

- Independent % of explained
Dependent variable N Model type variable variability B p
Home range size (km2)* 34 Gamma Distance of nest 322 -0.90  0.0004
from center
Home range overlap (%) 94 Gamma Distance of nests 3.9 -0.76 0.0351

from center (sum)
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Fig. 2. The distribution of hunting ranges of Kestrel males from
Ceské Budéjovice in the year 2002-2004.

radio-tagged males were from the city periphery.
These results are comparable with those of Village
(1982) who did not find significant differences in
hunting range sizes between radio- and wing-
tagged Kestrels. Unlike Village (1982), we did not
find the relationship between number of locations
and hunting range size.

Hunting range size and overlap

The results of the hunting range size and over-
lap analyses supported our first hypothesis: males
from the center had larger hunting ranges than
those from the periphery, even when the urban-
ized area was included into the analysis as a
covariate. The hunting ranges of “males from the
center” markedly overlapped with each other, as
well as with most of those of “males from the city
periphery”. This finding is evidence that only
“periphery males” defend their hunting ranges
located within the nest surroundings. The “males
from the center” make incursions into the hunting
ranges of the “periphery males”. It is difficult for
males breeding in the city center to defend their
hunting ranges, because they have to fly over
urbanized areas before reaching their hunting
ground. Thus, they can not patrol its hunting
ground continually. At the same time, they inter-
act with males that breed near the hunting
grounds on the city periphery.

In spite that we did not include the nest site,
the mean hunting range size of the Kestrel males
in this study was higher than home ranges found
in farmland habitats (1.1-5.7 km?, Village 1982; 0.9
km?, Mike§ 2003; 7.2 km? this study), probably
because of different strategies used by males from
the center. The home range size of Kestrels could
be affected by vole abundance (Village 1982,
Bowman & Bird 1986, Dunk & Cooper 1994), but
we did not record any correlation between them.
The correlation between vole abundance and
hunting range was indicative only. Again, this
might be due to the particular strategy of the cen-
ter males. The males have similar area of their
hunting range regardless of the vole abundance.
The size of hunting range of “males from center”
is rather determined by aggressive behaviour of
“males from city periphery” and not by food
availability. Moreover, we measured hunting
ranges, and not home range area, since the nest
site. was excluded from hunting range. The
decreased vole abundance was followed only by
increased aggressive behaviour of Kestrels at
hunting grounds. This result is in concordance
with findings of Village (1990).
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Fig. 3. The hunting range overlap for couples of nests, related
to nest position (N = 94 couples).

Our results lead to the question of how the
large hunting ranges of “center males” originated.
They can visit only one or more hunting grounds
per trip. In the first case, the male stays on the
ground until the prey is caught. In the second
case, if the male does not catch a prey within
a particular time, it moves to another hunting
ground. The recorded trips of some males (two
examples in Fig. 4) and our behavioral data
support the second hypothesis. The trip route
could be more or less fixed, since males left the
nest in a similar direction every day. Fixed daily
routines in Kestrels were noted by Rijnsdorp et al.
(1981). The changing of hunting grounds within
one trip may be due to conflicts with local
Kestrels. According to our observations, conflicts
with both males and females were quite common.
This was probably because the “intruder” male

passed the border of territory of periphery pairs,
which also partially included hunting range of
these Kestrels.

Disadvantageously, males of the city center
spent much energy by flying to distant suitable
hunting areas and by frequently changing their
hunting grounds. Therefore, why do Kestrels nest
in the city center? We provide two possible expla-
nations. The nesting possibilities on the periphery
could be limited or nest sites in the centre are of
higher quality, for example safer sites from preda-
tors in the city center. Kestrel densities inside the
cities are higher compared to city peripheries (i.e.
Hudec et al. 1981, Darolova 1992, Plesnik 1992,
Salvati et al. 1999, Wassmer 2001). However, the
results of this study may support both of the
above mentioned hypotheses.

We conclude that Kestrels show partial cohabi-
tation of periphery hunting grounds, but the
inter-species aggression probably plays a key role
for the use of these grounds. The males from the
city centre have to change their hunting grounds
because of aggressive attacks of periphery
Kestrels. The evidence for cohabitation is indirect-
ly given by great overlap among “central” and
“periphery” ranges of males.
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STRESZCZENIE

[Sposéb uzytkowania terenéw towieckich przez
miejskie pustutki w Czeskich Budziejowicach]

Pustutka jest jednym z nielicznych gatun-
kéw ptakéw drapieznych zasiedlajacych tereny
miejskie. Poszczegdlne gniazda tych ptakéw
znajduja sie zar6wno w centrum miasta (obszar
ciaglej zabudowy) jak i na obrzezach (obszar
mozaiki Srodowisk miejskich i ruderalnych.
Badania prowadzono w Czeskich Budziejowicach
gdzie liczebnosc tego drapieznika siega 30—40 par,
w latach 2002-2004. Przedmiotem badan byly
zasiegi towieckie 34 samcoéw pustutek w okresie
opieki nad piskletami.

W celu oszacowania dostepnosci podstawowej
zdobyczy pustutek — nornikéw, co roku w obre-
bie 10 terytoriéw towieckich rozmieszczono
100 pulapek zywolownych. Pustutki chwytano
w sasiedztwie gniazd wykorzystujac imitacje pu-
chacza. Schwytane samce byly znakowane
z wykorzystaniem znaczkéw naskrzydtowych
albo wyposazane w nadajniki telemetryczne.
Sposéb znakowania ptaka nie wptywatl na uzys-
kiwane wyniki. Wielkoé¢ terytorium towiec-
kiego okreslano na podstawie 12-28 lokalizacji
(z wylaczeniem stanowisk legowych) metoda
Minimum Convex Polygon. Nakladanie sie zasie-
gow okreSlano jako procent wspdlnie uzytko-
wanego obszaru dwdéch terytoriow.
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Wielko$¢ obszaru lowieckiego wahala sie
od 0.8 do 25 km? (§r. 7.2 = 6.9 km?). Zasieg
nie byl zalezny od liczby lokalizacji oraz do-
stepnoéci ofiar. Stwierdzono natomiast negaty-
wny zwiazek miedzy odlegloscia do gniazda
z centrum miasta (Tab. 1, Fig. 1). Nakladanie sie
terytoriow towieckich wahalo sie miedzy 0.3%
a 51.4% (Sr. 12.5 = 11.6%). Dostepnos¢ norni-
kéw nie wplywala na stopieh nakladania sie
terytoriow, natomiast najmniejsze wartoSci na-
kladania sie byly charakterystyczne dla “par”
samcow z terendéw peryferyjnych, natomiast
najwieksze — dla samcéw gniazdujacych w cen-
trum miasta (Tab. 1, Fig. 2, 3). W oparciu o
obserwacje zachowah samcéw gniazdujacych
w centrum miasta stwierdzono, ze w razie

niepowodzenia przenosza si¢ na inne terytoria
(Fig. 4).

Podczas badahn stwierdzono, ze samce z cen-
trum miasta dokonuja penetracji terytoriéw
lowieckich samcéw gniazdujacych na pery-
feriach. Same nie moga stale patrolowac¢ swych
terenéw towieckich i wchodza w interakcje z
samcami/parami zajmujacymi terytoria w sa-
siedztwie terenéw towieckich. Pustutki wykazuja
czeSciowe wspotuzytkowanie pozamiejskich te-
renéw lowieckich, lecz konflikty miedzy poszcze-
g6lnymi osobnikami odgrywaja prawdopodobnie
znaczaca role w sposobie ich uzytkowania. Samce
z centrum miasta musza czesto zmienia¢ miejsca
polowan z uwagi na ataki osobnikéw zasiedlajacy
tereny peryferyjne.
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HOME RANGE AND LAND USE OF URBAN LONG-EARED OWLS

MATEJ LOVY' AND JAN RIEGERT

Department of Zoology, Faculty of Science, University of South Bohemia, BraniSovska 31, Ceské Budéjovice,
370 05, Czech Republic

Abstract.  From 2004 to 2006 we studied the spatial activity of Long-eared Owls (4sio otus) breeding in the city
of Ceské Budgjovice, Czech Republic. Two main factors (size and proportion of home range in developed area) clearly
distinguished the owls into two groups: urban (z = 5) and suburban (n =4). Urban owls occupied home ranges >50%
in developed area; home ranges of suburban owls were <50% in developed area. We obtained 866 radio fixes from
nine individuals while they were feeding offspring, when both males and females participated in hunting. The home
ranges of urban owls were larger than those of suburban owls (95% kernels: 446 vs. 56 ha, respectively). Urban males
and females used home ranges of similar sizes that overlapped greatly with those of the opposite sex and with those
of other breeding pairs. In contrast, suburban male owls had home ranges larger than those of suburban females.
Wooded areas and meadows were the vegetation types preferred by both urban and suburban owls, and both groups
avoided vegetation types associated with human activities. Six of nine owls preferred the edges of open habitats, such
as meadows and fields bordering wooded areas. Urban owls used remnant green spaces (refugia) within the city area
to hunt small mammals. Long-eared Owls use nests made by other species, and may profit in urban environments
from increased nest sites due to the relatively recent colonization of urban areas by the Common Magpie (Pica pica)
and from suitable hunting grounds within the city.

Key words:  Asio otus, home range, Long-eared Owl, radio-telemetry, urban environment, land use.
Rango de Hogar y Uso del Suelo de Individuos Urbanos de A4sio otus
Resumen. De 2004 a2006 estudiamos la actividad espacial de individuos de 4sio otus reproduciéndose en la ciudad

de Ceské Budgjovice, Republica Checa. Dos factores principales (tamafio y proporcién del rango de hogar urbanizado)
separaron claramente a los bithos en dos grupos: urbano (n =5) y suburbano (n =4). Los buhos urbanos ocuparon rangos
de hogar >50% urbanizados; los rangos de hogar de los buhos suburbanos estuvieron <50% urbanizados. Obtuvimos
866 puntos de radio correspondientes a nueve individuos que se encontraban alimentando a sus pichones, mientras
machos y hembras se encontraban participando en actividades de caceria. Los rangos de hogar de los btithos urbanos
fueron mas grandes que el de los buhos suburbanos, (95% kernels: 446 vs. 56 ha, respectivamente). Los machos y las
hembras urbanos presentaron rangos de hogar de tamafios similares, que se superpusieron en gran medida con aquellos
del sexo opuesto y con aquellos de otras parejas reproductivas. En contraste, los machos suburbanos tuvieron rangos
de hogar mas grandes que el de las hembras suburbanas. Las areas boscosas y de pradera fueron los tipos de vegetacion
preferidos tanto por los bithos urbanos como por los suburbanos, y ambos grupos evitaron los tipos de vegetacion
asociados con las actividades humanas. Seis de los nueve btihos prefirieron los bordes de los habitats abiertos, como los
prados y los campos que rodean a las areas boscosas. Los bithos urbanos usaron los espacios verdes remanentes (refu-
gios) dentro del area de la ciudad para cazar pequefios mamiferos. Asio otus utiliza nidos hechos por otras especies y
pueden beneficiarse en los ambientes urbanos de un aumento de los nidos debido a la colonizacion relativamente reciente
de las areas urbanas por parte de Pica pica y de sitios de caceria adecuados dentro de la ciudad.

INTRODUCTION

The Long-eared Owl (4sio otus) is a widespread holarctic pred-
ator that, in Europe, prefers open farmland habitats (Cramp
and Simmons 1985) and feeds mainly on small rodents (re-
viewed by Marti 1977, Birrer 2009). Like other some raptors
(Peske 1995, Riegert 2011), the Long-eared Owl has colonized
some European cities (Kuzniak 1996, Fuchs et al. 2002, Lovy
2005). In urban environments, however, there are fewer small
rodents (Cihakova and Frynta 1996), despite the increased

Manuscript received 5 February 2012; accepted 20 November 2012.
1E-mail: mates.lovy@gmail.com

possibilities for nesting and a lack of predators (e. g., the
Eurasian Eagle-Owl, Bubo bubo).

Until recently, densities of Long-eared Owls breeding in
urban areas have remained relatively low. Long-eared Owls
began to colonize cities during the last two decades (Kuzniak
1996, Fuchs et al. 2002, Busche 2003, Lévy 2005). Coloniza-
tion was probably conditioned by the availability of a sufficient
number of nests of the Common Magpie (Pica pica); the mag-
pie invaded central European cities during the 1980s (Birk-
head 1991). In Ceské Budgjovice, Long-eared Owls breed in
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old corvid nests, predominantly those of the magpie. The den-
sity of breeding birds there (0.3—0.5 pairs km2, Lévy 2005) is
one of the highest reported for the species (cf. 0.01 pairs km2;
Craig and Trost 1979, 0.14 pairs km2; Wijnandts 1984, 0.03—
0.31 pairs km2; Tome 1997) and is still increasing (L6vy 2005
and unpubl. data).

The spatial ecology and land use of the Long-eared Owl
have been studied intensively in farmland habitats (Wijnandts
1984, Craig et al. 1988, Galeotti et al. 1997, Aschwanden et al.
2005). Studies of urban populations have focused on the diet
during the winter, when large numbers roost in cemeteries,
parks, and orchards (Pirovano et al. 2000, Milchev et al. 2003).
In our study area, Riegert et al. (2009) found that the propor-
tion of microtine rodents in a Long-eared Owls’ diet increases
with the distance of the nest from the city center. This trend
probably indicates the owl’s different ecological and behavioral
responses to the degree of urbanization. Thus a telemetry in-
vestigation of the Long-eared Owl in urban environments may
reveal novel aspects of its ecology.

To examine the Long-eared Owl’s spatial ecology and land
use in a predominantly urban area, Ceské Budgjovice (Czech
Republic), we used radio telemetry on a subset of known breed-
ing pairs to assess (1) size of the home range with respect to the
position of the nest in the urbanized area, (2) overlap of home
ranges, and (3) land use of radio-tagged Long-eared Owls.

METHODS

STUDY AREA AND LONG-EARED OWL POPULATION
Our study in the city of Ceské Budgjovice (Southern Bohe-
mia; 49° N, 14° E; 40 km?; 100 000 inhabitants; 250-300 m
above sea level) encompassed three breeding seasons (2004—
2006). The study area covers 154 km? and consists of de-
veloped area (51%), fields (17%), meadows (12%), wooded
areas (7%), orchards (4%), lawns (4%), abandoned areas
(2%), and water (4%). The proportion of habitats did not
change markedly from year to year. To quantify opportuni-
ties for Long-eared Owl nesting, we counted the active mag-
pie nests in two of the quarters around the city‘s periphery in
2003 (Fig. 1). To describe the degree of urbanization around
each magpie nest and also at all Long-eared Owl nests from
2004 to 2006, we defined a radius of 0.5 km (surface arca
79 ha) around each, an area corresponding to the maximum
core home range of Long-eared Owls in the study area (see
Results). On the basis of the proportion of developed areca
in these circles, we classified nests as either urban (>50% of
area developed) or suburban (<50% developed).

At the beginning of each breeding season (first half of
March), to locate the owls, we simulated a territorial intrusion
by broadcasting a male’s territorial call at 350 points through-
out the city. We visited sites with positive responses regularly
through the breeding season and used only sites where the
birds bred successfully for further research.

Breeding seasons:
- 2003
© 2004
A 2005
0 2006
® 2004-2006
A 2004-2005
m 2005-2006

O

Ax

(=13

FIGURE 1. Nest sites of the Long-eared Owls and Common Mag-
pie (small dots, magpie nests; black line, area where magpie nests
were counted; remaining symbols, nests of the Long-eared Owl; sites
marked with an asterisk are suburban; those without an asterisk are
urban; filled symbols denote repeated nesting in successive years).

FIELD DATA ON SPATIAL ACTIVITY

Using a stuffed Eagle Owl as a decoy, we captured nine Long-
eared Owls (four pairs and one adult male, Table 1) in mist nets
(mesh 50 mm) in the vicinity of their nests. We equipped the
birds with transmitters (backpack type, 4.5 g, Biotrack UK
Ltd.). The weight of the transmitters was <5% of the body
weight of the smallest individual captured, and we observed
no side effects of the transmitters. Pairs of radio-tracked Long-
eared Owls raised on average 3 & 1 juveniles, a rate of success
similar to that across Europe (Cramp and Simmons 1985).

To locate the birds in the field, we used a three-tailed Yagi
antenna and a wide-band Icom R20 receiver (Icom America,
Inc.). All telemetry surveys took place when the adults were
feeding the offspring and both males and females participated
in hunting. The survey continued until all juveniles had left
the nest, on rainless nights between 19:00 and 01:00. The
city’s street-lighting system enabled us to precisely locate and
follow the owls visually from a distance of up to 100 m. We
tracked the pairs cyclically, monitoring only one pair during
each night of telemetry. Each individual owl was monitored
for a mean of 10 £ 2 nights, totaling 93 nightly sessions of
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TABLE 1. Size of home ranges (ha) of Long-eared Owls in Ceské Budgjovice, Czech Republic (m, male; f, female; K, B, P, M, and V
denote particular nest sites).

Degree of Developed Fixes MCP95% MCP 50% Kernel 95% Kernel 50%
Individual Weight (g) Period of radio tracking urbanization area (%) (n) (ha) (ha) (ha) (ha)
K-f 278 25 May-10 Jun 2004 suburban 22 53 23.5 3.7 319 3.1
K-m 228 25 May—10 Jun 2004 suburban 5 63 67.2 12.1 76.1 8.7
B-f 268 14 May—16 Jun 2005 urban 25 93 560.8 68.3 491.8 84.6
B-m 232 14 May—16 Jun 2005 urban 40 95 887.6 52.3 545.6 74.1
P-f >300 15 May-12 Jun 2005 urban 53 79 559.4 28.7 347.0 56.8
P-m 234 15 May-12 Jun 2005 urban 49 96 596.4 35.8 398.4 59.9
M-f 340 1-28 May 2006 suburban 7 44 33.6 4.5 31.1 3.8
M-m 233 1-28 May 2006 suburban 8 150 171.3 26.0 83.7 14.5
V-m 265 30 Apr—24 May 2006 urban 30 193 179.4 234 102.5 6.7

radio telemetry. Within a pair, we tracked the male and female
successively, one during the first half and the other during the
second half of the night of telemetry, then reversed the order
during the next session.

ANALYSIS OF SPATIAL ACTIVITY AND LAND USE

We defined a complete home range as the 95% minimum con-
vex polygon (MCP) based on all relocations of the individual
tracked. For a more precise assessment of a home range, we
used a kernel-density estimator (95% and 50% KDE). For all
home-range analyses we used ArcView 3.2 with the extension
Animal Movement (Hooge and Eichenlaub 2000). Criteria for
estimating home-range size were as follows: kernel—bivariate
normal; bandwidth selection—Ileast-square cross-validation
method (Silverman 1986). In order to determine the number
of radio fixes required for estimation of a home range’s size,
we calculated its asymptotes with the plug-in HORAE (Stein-
iger and Hunter 2012) for OpenJUMP GIS software. In this
analysis, we calculated home ranges as the number of loca-
tions increased. The home ranges of three owls approached an
asymptote at about 20 radio fixes, but one of them increased
again at 30 radio fixes. The remaining six home ranges did
not approach an asymptote. To assess overlap of home ranges,
we used those estimated by the kernel method because these
allowed an examination of the space an individual used more
precisely than did those estimated by the MCP method.

The study area was defined as a circle with a radius of 7 km
around the city center, covering the home ranges of all radio-
tracked individuals. For the purposes of the habitat assessment,
we divided the study area into eight vegetation types (developed
area, orchards, lawns (mowed regularly), meadows, fields, aban-
doned areas, wooded areas, and water). We identified vegetation
types on orthophoto maps and through our own investigation of
the area in the field. For all land-use analyses, we used 95% ker-
nel home ranges. We used a compositional analysis (Aebischer
et al. 1993) to test vegetation-type preferences at two scales: (1)
composition of vegetation types within a home range versus
habitat availability in the total study area and (2) the proportion
of a vegetation type used, based on the number of radio locations,

versus its actual proportion within a home range. For further
analyses, we categorized the undeveloped parts of each home
range as either wooded (with full-grown trees) or open vegeta-
tion. To assess preferences for edge habitats (open habitat bor-
dered with forests or shrubs), we randomly selected a number
of control locations within a Long-eared Owl’s home range the
same as the number of real radio-telemetry fixes in edge habitats.

STATISTICAL ANALYSES

To compare home-range sizes by method and urban versus
suburban we used the Mann—Whitney U-test in Statistica 9
(StatSoft, Inc. 2010). For the compositional analysis of habitat
selection we used the statistical software R (R Development
Core Team 2009) with the package adehabitatHR (Calenge
2006). We used a randomization test with 500 repetitions. For
habitat not found in a particular home range (values in entry
data matrix of zero) we substituted 0.01 (see Acbischer et al.
1993). We considered values of P < 0.05 statistically signifi-
cant. Throughout the text, means + SD are presented.

RESULTS

URBAN LONG-EARED OWL POPULATION

Over the three years of the study the number of Long-eared
Owl nests increased (Fig. 1;2004—10,2005—12,2006—18).
While the number of recorded suburban nests remained stable
through the study period, the number of urban nests increased
from eight in 2004 to 16 in 2006. The nine individuals moni-
tored represented five pairs (Table 1): pairs P, B, and male V
were classified as urban owls, pairs K and M as suburban.

HOME-RANGE SIZE

In total, we recorded 866 radio fixes from nine adult Long-eared
Owls (Table 1). The home ranges of urban owls were significantly
larger than those of suburban ones (95% kernels: 446 ha and
56 ha, respectively; Mann-Whitney U-test: U=0, P=0.02,n =
5,n =4). Similar, but only indicative, was the trend for the core
home ranges represented by 50% kernels (69 and 8 ha, respec-
tively; Mann-Whitney U-test: U =2, P = 0.066, n, = 5, n.= 4).
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Built-up

FIGURE 2. Home ranges of all radio-tracked Long-eared Owls
(95% kernels). Black dots represent nest sites K, B, P, M, and V.

A smaller home range distinguished the male from locality V
from the remaining urban owls (Fig. 2). The mean size of a home
range differed according to the method used (Table 1): 95% ker-
nels were smaller (234 + 209 ha) than those estimated by MCP
(342 + 313 ha), but the difference between the two methods of
analysis was not significant (Mann—Whitney U-test: U = 31,
P=0.43,n=29). In contrast, 50% kernels were somewhat larger
(35 + 34 ha) (but not significantly) than MCP ranges (28 + 22 ha)
(Mann—Whitney U-test: U=39, P=0.93,n=9).
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FIGURE 3. Differences in habitat composition (means + SD) of
home ranges of urban and suburban Long-eared Owls.

HOME-RANGE OVERLAPS

Intra-pair comparisons showed that overlaps of 95% kernel
home ranges were markedly greater within urban pairs (pair
B: 84%; pair P: 74%) than within suburban pairs (pair K: 50%;
pair M: 32%). The pattern applied also 50% kernel home ranges
(pair B: 59%; pair P: 77% vs. pair K: 40%; pair M: 0%). Also,
the home ranges of urban pairs B and P overlapped (46 = 9%
and 19 +23% for 95% and 50% kernels, respectively; Fig. 2).

VEGETATION COMPOSITION AND HOME RANGES
AND LAND USE BY LONG-EARED OWLS

Over the whole study area Long-eared Owls established home
ranges independently of vegetation type (compositional anal-
ysis 1: Wilk’s A =0.03, P = 0.09). The home ranges of urban
owls had a markedly greater proportion of developed area,
whereas the home ranges of suburban owls comprised mainly
of fields, meadows, and abandoned areas (Fig. 3).

Long-eared Owls, however, showed a preference for some
particular vegetation types within their home ranges (Table 2,
compositional analysis 2: Wilk’s A = 0.04, P = 0.02, rank of
vegetation types: wooded areas > meadow > abandoned ar-
eas > field > lawn > building > orchard). Wooded areas were

TABLE2. Composition of vegetation types in 95% kernel home ranges and the number of radio fixes within each vegetation type for Long-eared
Owls radio-tracked (water is not included because it has been not used by owls; f, female; m, male; K, B, P, M, and V denote particular nest sites).

Wooded areas Meadow Abandoned area

Field Lawn Developed area Orchard

Proportion Fixes Proportion Fixes Proportion Fixes Proportion Fixes Proportion Fixes Proportion Fixes Proportion Fixes

ndividial %) () ) ) ) ) ) ) ) % W %)
K-f 12 11 26 18 5 2 38 18 6 1 12 2 2 1
K-m 11 13 13 4 5 1 59 42 3 1 7 0 2 2
B-f 12 23 14 37 1 4 12 6 9 21 42 2 5 0
B-m 12 24 14 45 1 1 12 5 9 17 41 3 5 1
p-f 6 15 17 36 1 2 10 10 7 10 42 5 11 0
P-m 10 12 19 54 1 6 8 7 9 10 39 3 10 3
M-f 14 15 15 3 5 1 46 23 2 0 14 1 3 1
M-m 9 14 36 104 10 10 26 20 6 0 8 2 4 0
V-m 7 41 23 60 9 26 11 14 4 7 43 44 0 0
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FIGURE 4. Proportion of radio fixes (means + SD) in different

habitats for urban and suburban Long-eared Owls.

the vegetation type most frequently used, by urban and subur-
ban owls equally (Fig. 4). Of the open vegetation types, mead-
ows were preferred primarily by urban owls, but fields were
preferred by suburban owls. In general, owls tried to avoid
vegetation types associated with human activities such as
buildings and orchards. Also, we tested the effect of wooded
habitat edge to assess whether owls preferred open vegetation
types or only the parts of them that bordered wooded areas,
finding a significant preference for edge habitats in six of nine
individuals (Bf, Bm, Pf, Pm, Km, and Vm, in all cases P <
0.01; Mm, Mf and Kf, P> 0.14; for abbreviations see Table 1).

DISCUSSION

URBAN LONG-EARED OWL POPULATION

In our study area, urban environments appear to be of superior
quality for raptors because of increased opportunities for nest-
ing. Unlike other urban raptors nesting mainly in anthropogenic
sites (Cade and Bird 1990, Salvati et al. 2002, Rutz 2008, Riegert
2011), Long-eared Owls depend on the presence of unused nests,
predominantly those built by magpies (Cramp and Simmons
1985). Magpies have adjusted their nesting behavior well in re-
sponse to urbanization (Wang et al. 2008), and their population
densities can thus be markedly higher in urbanized areas than in
rural environments (Luniak et al. 1997, Jerzak 2001). In Ceské
Budg¢jovice, the density of breeding urban and suburban magpies
was similar at least within the surveyed part of the city (Fig. 1).
However, we assume that the total number of nests available for
owls was probably higher, especially in more urbanized areas
closer to the city center, as in other European cities (cf. Luniak et
al. 1997, Jerzak 2001).

Within the developed area of Ceské Budgjovice, the
Long-eared Owl population grew in the course of the study,
and it is still growing (unpubl. data). While the number of sub-
urban territories remained stable over the years, the number
of urban territories increased continuously (Fig. 1). There-
fore, we suppose that Long-eared Owls may profit in urban
environments from increased potential for nesting and conse-
quently colonize this new ecosystem.
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HOME-RANGE SIZE

The mean size of a home range of the Long-eared Owls we stud-
ied (342 ha) was smaller than those estimated by other authors
(Wijnandts 1984: 2025 ha, Galeotti et al. 1997: 504 ha, Henrioux
2000: 980 ha). Nevertheless, home ranges change in size through
the year and are smallest during the breeding season (Exo 1988,
Génot and Wilhelm 1993, Zuberogoitia et al. 2007, but see Framis
etal. 2011). For example, home ranges of the Long-eared Owl are
extensive during the period of winter roosting (Wijnandts 1984,
Galeotti 1997) and smaller during the breeding season (Craig et
al. 1988, Henrioux 2000; this study). During the winter roost-
ing period, however, Long-eared Owls use intensively only about
25% of large home ranges each night (Wijnandts 1984, Galeotti
etal. 1997).

In comparison with other areas of Long-eared Owl use esti-
mated during the breeding season, those we studied were inter-
mediate (Craig et al. 1988: 297 ha, Henrioux 2000: 585 ha, this
study: 342 ha). Our tracking owls for only the first half of the
night could have affected this result. However, Henrioux (2000)
showed that during the breeding season Long-cared Owls are
most active from 20:00 to 01:00. Thus we consider our method
relevant for describing the spatial activity of Long-eared Owls.

Home ranges of urban owls were much larger than those of
suburban ones. Urban territories were probably enlarged by a
high proportion of unused developed areas. Riegert et al. (2007)
found that the pattern for the Common Kestrel in our study area
was similar, and Henrioux (2000) also documented a positive
relationship between home-range size and proportion of devel-
oped area in farmland. Furthermore, both sexes of urban Long-
eared Owl pairs used areas of similar size, but suburban males
had home ranges distinctly larger than those of females. The lat-
ter is in accordance with findings in farmland (Galeotti et al.
1997, Henrioux 2000, Craig et al. 1988). Unlike males, female
owls hunt within a smaller radius around the nest during incu-
bation (Sunde et al. 2009) and during the first two weeks after
hatching, when the nestlings are not able to maintain their body
temperature (Craig et al. 1988). The size of a home range also
depends on food resources (Krebs and Davies 1981, Kenward
1982, Village 1982). Unfortunately, we have no data on prey
availability. However, the difference in vegetation composition
between urban and suburban environments may affect the avail-
ability of small mammals (Mahan and O’Connell 2005). We
suspect that the difference between urban and suburban owls in
size of each sex’s home range may be caused by differences in
the availability of suitable hunting grounds, which are sparsely
distributed within urbanized areas (Cihakové and Frynta 1996).
This is probably the reason for the similar size of home ranges of
males and females breeding in more urbanized areas.

LAND USE BY LONG-EARED OWLS

Long-cared Owls established their home ranges within the study
area randomly, i.c., the vegetational composition of home ranges
and of the study area as a whole were similar. Moreover, all nests
were placed in coniferous trees, as Tome (2003) also found. These
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results imply that nest-site selection is driven primarily by the
presence of suitable trees with magpie nests, independent of habi-
tat composition within the area. The great importance of pres-
ence of suitable nest sites has also been documented in the Tawny
Owls (Strix aluco), which to establish breeding territories within
urbanized areas requires small woods (Ranazzi et al. 2000).

We observed that Long-eared Owls preferred some veg-
etation types for hunting and avoided others. Wooded areas,
meadows, and abandoned areas were visited most frequently, but
areas with increased human activity (gardens, developed areas,
lawns) were avoided. These results are consistent with those of
Galeotti et al. (1997) and Henrioux (2000). As expected, urban
territories had a greater proportion of developed area than did
suburban territories. These areas may have been avoided pri-
marily because of difficult access to prey or lack of prey.

Aschwanden et al. (2005) showed that vegetation structure
is more important for selection of a hunting ground than is prey
abundance. They reported that Long-eared Owls preferred
freshly mown meadows and artificial grasslands even their
density of voles is 8 times lower. However, these vegetation types
bordered strips of herbaceous wildflowers that are associated
with a high abundance of small mammals (i.e., refugia) from
which they can migrate to adjacent areas (Aschwanden et al.
2005, Briner et al. 2005, Suchomel and Heroldova 2006). In the
urban environment we studied, these refugia are represented
by strips of herbaceous wildflowers, river banks, flood basins,
power-line openings, and road and railway verges. In agree-
ment, six of nine Long-eared Owls (including all of the urban
owls) in Ceské Budgjovice preferred edge habitats that proba-
bly represented refugia for prey. However, the presence of open
vegetation types such as meadows and fields bordering those
refugia is important, because such habitats allow the owls the
use of low scanning flight, the Long-eared Owl’s most com-
mon hunting technique (Cramp and Simmons 1985). Our find-
ings are in accordance with this assumption since urban owls
preferred meadows whereas suburban owls preferred fields, i.e.,
the most common open habitats in urban and suburban areas,
respectively.

HOME-RANGE OVERLAP

We recorded considerable overlap in the home ranges of urban
pairs, contrasting with only a small overlap in the home ranges
of suburban pairs (for 95% kernel HRs: 79 + 7% and 41 + 13%,
respectively). Extensive overlap of the sexes’ home ranges has
been recorded in the Long-eared Owl (Wijnandts 1984, Gale-
otti et al. 1997) and Little Owl (Athene noctua; Zuberogoitia
et al. 2007) during the winter. Thus such great overlap may
suggest a lack of territorial behavior (Wijnandts 1984, Galeotti
et al. 1997) during the period of the year when owls do not de-
fend their nests. Alternatively, it may be explained by the spe-
cific distribution of food during the winter (Adams 2001).
During the breeding season, owls defend small areas around
their nests (Cramp and Simmons 1985, Taylor 1994), and pairs

share a core area around the nest site (Craig et al. 1988). Our re-
sults agreed with these findings, because within a pair the sexes
shared just the core of their home ranges. Males and females of
suburban pairs often hunt in different directions from the nest,
as reported by Craig et al. (1988). This strategy probably serves
to maximize the foraging effort of the pair as a unit.

Compared to those in farmland, urban Long-eared Owls
face a low availability of voles (Cihakova and Frynta 1996),
and they have to rely mainly on the previously mentioned
refugia associated with ecotones. Dickman and Doncaster
(1987) showed that such refugia within urbanized areas offer
dense populations of small mammals, possibly even higher
than in natural environments. Because these refugia are lim-
ited within the city, owls are probably forced to exploit them
together. We documented this behavior in two urban pairs,
which shared a high proportion of their hunting area.

In conclusion, results of our study provide insight into the
spatial ecology and land use of Long-eared Owls in a predomi-
nantly urban area over multiple breeding seasons. Accordingly,
we assumed that both nesting potential and selection of suitable
hunting grounds are important factors enabling Long-eared
Owls to flourish in urban environments. With respect to direc-
tions for future research, we suggest that it would be of interest
to clarify raptors’ use of habitat networks in urban environ-
ments generally, i.e., how fragmentation and/or connectivity of
focal habitats influence patterns of the birds” movement.
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Abstract Anthropogenic activity can lead to deforesta-
tion and subsequent dramatic impacts on forest-dwelling
animal species. In this study, we investigated the habitat
use of a forest raptor (Tengmalm’s Owl Aegolius funereus)
in an air-polluted area of the Ore Mountains (Czech
Republic) that has been restored by non-native spruce.
Based on a 14-year Tengmalm’s Owl nest-box breeding
dataset, we found that the percentage of native Norway
Spruce forest was higher for occupied nest boxes than for
unoccupied ones within close surroundings of the nest
(buffer radius of 25 m). Meanwhile, the percentage of non-
native Blue Spruce (originally from Northern America)
was higher for occupied nest boxes than for unoccupied
ones within the home-range breeding area (buffer radius of
750 m). Moreover, the surroundings of non-predated nests
(radius of 750 m) showed a higher percentage of Blue
Spruce and a lower percentage of deciduous trees than
surroundings of nests predated by Pine Martens. Although
small mammal availability was not affected by habitat
categories, we found a positive correlation between the
percentage of Apodemus mice in the diet of owls and the
percentages of both Blue Spruce and open forest area
within the foraging area radius (750 m). We suggest that
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adult owls and young fledglings use remnants of tall, old-
growth Norway Spruce forests as a safe refuge against
avian predators, while secondary stands of non-native Blue
Spruce are suitable for hunting both main prey types
(Apodemus mice and Microtus voles), and also ensure good
protection against nest predation by Pine Martens.

Keywords Aegolius funereus - Habitat use - Air
pollution - Non-native habitat - Reproductive success -
Nest predation - Martes martes

Zusammenfassung

Plantagen nicht-heimischer Fichten sind geeigneter
Lebensraum fiir den RauhfuBlkauz (Aegolius funereus)
in der Tschechischen Republik, Zentraleuropa

‘Entwaldung durch menschliches Einwirken kann schwer-
wiegende Auswirkungen auf waldlebende Tierarten haben.
In dieser Studie untersuchten wir die Raumnutzung eines
waldlebenden Beutegreifers (Rauhfulkauz Aegolius fune-
reus) in einem luftverschmutzten Gebiet des Erzgebirges
(Tschechien), das durch nicht-heimische Fichten aufge-
forstet wurde. Anhand eines 14 Jahre umfassenden Da-
tensatzes von in Nistkdsten briitenden RaufuB3kiduzen,
fanden wir bei bewohnten Nistkésten einen hoheren Anteil
der einheimischen Gemeinen Fichte im direkten Umfeld
des Nestes (Pufferradius: 25 m) als bei unbewohnten. Der
Anteil der nicht-heimischen Stech-Fichte (urspriinglich aus
Nordamerika stammend) war hingegen im gesamten Ak-
tionsraum (Pufferradius: 750 m) um bewohnte Nistkédsten
hoher als um unbewohnte. Des Weiteren waren im Umfeld
um nicht gerduberte Nester (Radius: 750 m) ein groBerer
Anteil Stech-Fichten und ein geringerer Anteil Laubbdume
zu verzeichnen, als im Umfeld von Nestern, die von

@ Springer



458

J Ornithol (2015) 156:457-468

Baummardern gerdubert wurden. Obwohl die Bau-
mzusammensetzung keinen Einfluss auf die Verfiigbarkeit
von kleinen Sdugetieren hatte, stellten wir einen positiven
Zusammenhang zwischen dem Anteil an Waldmiusen im
Nahrungsspektrum der Kéuze und dem Anteil an Stech-
Fichten sowie offenen Waldgebieten im Aktionsraum
(750 m) fest. Wir nehmen an, dass erwachsene Kéduze und
junge Fliigglinge die Uberreste groBgewachsener Alt-
bestinde Gemeiner Fichten als sicheren Riickzugsort vor
grofleren Beutegreifern nutzen, wihrend neuere Bestinde
nicht-heimischer Stech-Fichten als gutes Jagdrevier fiir
ihre beiden hiufigsten Beutegruppen (Waldméuse und
Feldméuse) und auch als Schutz gegen Nestriduber wie den
Baummarder dienen.

Introduction

Landscape changes and habitat fragmentation are the most
important threats to the global biodiversity of several tax-
onomic groups (Sala et al. 2000; Foley et al. 2005). These
processes are of special interest to conservation biologists
(Haila 2002; Fazey et al. 2005) due to the increasing need
to investigate the impact of anthropogenic changes on
habitat quality and the viability of natural populations
(Hanski and Gilpin 1997). Good examples are species
inhabiting old-growth forests: where this habitat type is in
decline as a result of anthropogenic activity, habitat spe-
cialist bird populations are decreasing while populations of
generalists are increasing (Esseen et al. 1997; Bunnell
1999).

At present, changes in the biogeochemistry of terrestrial
ecosystems are primarily associated with three major fac-
tors: land-use, climate change, and chemical atmospheric
deposition (Norton and Vesely 2004). The latter is closely
associated with emissions of pollutants into the atmosphere
and transboundary transportation of those pollutants
(Thunberg and Hanneberg 1993), especially in mountain-
ous and remote areas. During the 1980s, the Czech
Republic was a significant Central European source of
sulfur and nitrogen oxides emitted from point sources, most
of which were situated in the so-called “Black Triangle”
(Germany—Poland—Czech Republic border), known for its
large coal resources and numerous power plants (Kopacek
and Vesely 2005). Due to the emissions in this region, soils
became acidified, which led to deforestation and dramatic
impacts on animal communities (ét’astn)'/ and Bejcek 1999;
Flousek 2000). The resultant landscape mosaic is com-
posed mainly of clear-cut areas, remnants of old-growth
Norway Spruce (Picea abies) forest, and young stands of
native (e.g., Birch Betula spp., European Mountain Ash
Sorbus aucuparia, Norway Spruce) and non-native (mainly
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Blue Spruce Picea pungens, originally found in Northern
America; §pulék 2009) tree species.

Young forest habitats of areas damaged by air pollution
have been found to be suitable for Tengmalm’s Owl—a
threatened nocturnal predator (see the Czech Directive
395/1992 and the Council Directive 79/409/EHS) with a
wide Holarctic breeding range. This suitability is probably
due to higher food availability and the absence of most
avian predators (mainly Northern Goshawk Accipiter
gentilis and Tawny Owl Strix aluco; Drdakova-Zarybnicka
2004) from such areas. Tengmalm’s Owl primarily nests in
natural tree cavities, but also readily accepts nest boxes
(Korpiméki and Hakkarainen 2012). The breeding female
incubates eggs and broods, and the male provides nearly all
the food for the female and the young (Zarybnicka 2009a,
b). Tengmalm’s Owl is a sit-and-wait generalist predator
(Bye et al. 1992), feeding mainly on small mammals
(especially Microtinae voles) and birds (Korpiméki and
Hakkarainen 2012). In Northern Europe, it inhabits boreal
coniferous forests with low tree species diversity, domi-
nated by Norway Spruce and Scots Pine (Pinus sylvestris)
(Korpiméki and Hakkarainen 2012). In Central Europe, the
main breeding habitats of this owl are coniferous, mainly
Norway Spruce-dominated forests at high elevations and
mixed forests of mainly Norway Spruce and European
Beech (Fagus sylvatica) or pure beech stands at lower
elevations (Schwerdfteger 1984; Schelper 1989; §t’astn}'/
et al. 2006).

In the study reported in the present paper, we investi-
gated the habitat use of Tengmalm’s Owl in air-polluted
areas of the Ore Mountains, Czech Republic. We analyzed
a l4-year time series on breeding habitats, diet composi-
tion, reproductive success, and the probability of nest
predation by Pine Marten (Martes martes). In particular,
we aimed to answer the following questions. (1) Does
Tengmalm’s Owl use a particular habitat within a buffer
zone of radius 750 m more frequently than expected (i.e.,
foraging area selection)? (2) Does Tengmalm’s Owl use a
particular habitat within a buffer zone of radius 25 m more
frequently than expected (i.e., nest site selection)? We also
evaluated the relationships between habitat composition
and (3) small mammal availability, (4) diet composition,
(5) nest-predation probability, and (6) reproductive success
(expressed as the number of fledglings).

Methods
Study area
The study was conducted in the north of the Czech

Republic (50°N, 13°E), on the Ore Mountain plateau
(elevation: 730-960 m a.s.l.; area: 70 kmz) from 1999 to
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Table 1 Percentages of habitat categories within radii of 25 and
750 m around the nest boxes (n = 229 nest box sites, including
overlaps), and percentages of individual habitat categories grouped
according to tree height

Habitat Radius Height of Radius Height of
category 750 m £+ SD  growth 25m + SD  growth
(%) until 5m (%) until 5 m
(%) (%)
Norway 32.6 £ 124 240 49.6 +32.0 14.0
Spruce

Blue Spruce 26.3 £ 13.6 472 18.0 £ 25.1 41.2

Other 11.0£9.7 663 7.5+ 148 51.0
coniferous
trees

Other 13.1 £85 206 10.6 £ 17.5 438
deciduous
trees

European 26 £46 121 34+ 126 9.1
Beech

Open forest 10.0 £ 7.1 32 +103

Other areas 44+ 74 7.7 £ 11.8

Total (%) 100 100

Total (ha) 40,264 44.7

2012. During the second half of the twentieth century,
emissions from factories located in the foothills caused the
destruction of the forest environment, and was followed by
intensive logging of dead trees (Kopacek and Vesely
2005). The consequent restoration process was hindered by
the high acidity of the soil, harsh mountain weather, and
extensive damage to young plantations, caused mainly by
cervids (Kula and Rybar 1998; Hruska et al. 1999). Today,
the study site is characterized by a mosaic of open areas
(formed mainly by clear-cutting and creating pasture pat-
ches for cervids), fragments of young secondary forests
(i.e., the forest habitat which has regrown after a major
disturbance; Tabarelli et al. 2012), and small patches of tall
old-growth Norway Spruce forests. The vegetation of the
open areas is dominated by Wood Reeds (Calamagrostis
villosa). Secondary stands are dominated by non-native
Blue Spruce, which shows a strong tolerance of atmo-
spheric pollution, adverse climatic conditions, and damage
caused by game species (gpulék 2009). In contrast to
Norway Spruce, Blue Spruce typically does not form forest
habitat (Podrazsky 1997). Blue Spruce trees occur scattered
in open habitats, they do not reach the height of Norway
Spruce (50 % of Blue Spruce stands reach no more than
5 m in height; Table 1), and their branches reach the
ground (Fig. 1a, b). In our study site, the seedlings of Blue
Spruce were hand-planted, usually in a 2 x 2 m span (A.
Kilb, in verb.). Other tree species besides Blue Spruce were
also used during restoration—mainly birch, European

Fig. 1 Examples of a a secondary stand of non-native Blue Spruce (a
20-year-old stand) used by Tengmalm’s owl as a hunting habitat, and
b a stand of native Norway Spruce (a 50-year-old stand) used for
resting during the day in the Ore Mountains, Czech Republic

Mountain Ash, and European Larch (Larix decidua).
Norway Spruce was also planted, but more than 70 % of
Norway Spruce stands are made up of old-growth trees
(Table 1). These stands are chiefly concentrated in small
patches (up to 1 ha) scattered within the study area. Only
the northern part of the area is characterized by compact
old-growth forest patches of Norway Spruce (ca 15 % of
the whole area). In addition, old-growth and solitary
European Beech trees occur rarely within the study area
(Table 1), and there is only one forest patch of European
Beech (ca 1 ha).

Tengmalm’s Owl population

In the study area, Tengmalm’s Owl breeds primarily in nest
boxes (>90 % nests), as natural cavities can only be found
in rare solitary beech trees. The population reaches 10-26
breeding pairs per 70 km® each year (mean + SD:
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Table 2 Numbers of nests

Year No. of No. of No. of nests No. of No. of nests with No. of nests with
found, nests predated by ) nest nests  predated by successful  known number of known diet
martens, successful nests (i.e., at boxes martens nests fledglings composition
least one young fledged), nests
with known reproductive 1999 100 10 1 7 0 9
success, anq nests with known 2000 100 10 5 4 5
diet composition in each year of
the 1999-2012 study period 2001 100 22 10 9 7 12

2002 100 26 3 16 16 18

2003 100 14 4 4 4

2004 120 15 1 9 9

2005 119 20 7 8 8

2006 116 24 3 15 15 18

2007 131 11 1 8 8 9

2008 132 14 4 7 7 7

2009 164 17 5 8 8 8

2010 166 13 3 8 8 11

2011 167 25 11 9 9 0

2012 158 13 2 7 7 0

Sum 1,773 234 60 119 110 121

mean 126.6 16.7 43 8.5 8.5 10.1

SD 26.8 5.6 3.1 3.4 3.5 4.1

16.7 £ 5.6; Table 2), which is above average within the
Czech Republic (Drddkovéd-Zarybnickd 2004; St’astny
et al. 2006). The number of deployed nest boxes varied
yearly between 100 and 167 (mean £ SD: 126.6 4 26.8;
Table 2), and were evenly distributed within the study area.
The boxes were usually placed at the edges of forest pat-
ches. All nest boxes were kept in good condition (they were
regularly repaired). and their entrances and close sur-
roundings were kept free of branches. The bottom of each
nest box was square-shaped, with an inner width of
between 20 and 22 cm, a height of 40 cm, and an 8-cm
diameter entrance. They were usually installed 3-5 m
above the ground.

Reproductive parameters

Basic breeding data were collected by inspecting all nest
boxes during the onset of the breeding season (Zarybnicka
et al. 2012). From 1999 to 2012, a total of 234 breeding
attempts by Tengmalm’s Owls were recorded, of which
119 were successful (i.e., at least one fledgling was pro-
duced), and the number of fledglings in each of 110 nest
boxes was determined (Table 2). A total of 60 nests were
predated by martens. Marten predation was identified via
the signs left behind in the nests: scat, hairs, broken egg-
shell remains (either inside or near the nest box), and killed
or absent nestlings (smaller nestlings usually disappeared
all at once; larger nestlings were typically killed by neck
strangulation).
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Pellet analyses

The diet composition during 1999-2010 was analyzed for
121 nesting attempts (103 successful nesting attempts and 18
failed nesting attempts or abandoned nests; Table 2). Prey
pellets and food remains were collected during the period
when the most chicks were present in the nest box (from late
April to the end of July) during regular nest visits (Zaryb-
nickd et al. 2013). In total, 8,537 prey items were determined
(mean £ SD: 70.7 & 31.5 items per nest box), of which
8,233 were small mammals and 304 were birds. The majority
of small mammals were determined to species level
(63.2 %), and the remainder to genus level (Apodemus or
Microtus). Of the birds, 262 individuals (86.2 %) were
determined to species or genus level. To allow further
analyses, we divided the prey items into four groups: Mi-
crotus voles (Field Vole M. agrestis, Common Vole M. ar-
valis, European Pine Vole M. subterraneus, and Microtus
spp.), Apodemus mice (Apodemus spp.), Sorex shrews
(Common Shrew Sorex araneus, and Pygmy Shrew S. min-
utus), and birds. Other, more scarce, species were not
included in the analyses (for details see Zarybnicka et al.
2013).

Small mammal availability
To facilitate habitat-use analysis we assessed the abun-

dances of small mammals during 1999-2012 using the
snap-trap capture method in three 1-ha areas (100 x 100 m



J Ornithol (2015) 156:457-468

461

squares with a 10 m spacing; n = 121 traps per square).
Trapping areas were situated in the core of the study area in
young secondary forests. Trapping was carried out each
year at the start of June. The traps were left out for three
nights and checked daily in the morning. We calculated the
number of captured individuals per 100 trap nights each
year. All captured mammals (n = 327) were identified to
species level and grouped into three small mammal cate-
gories: Microtus voles, Apodemus mice, and Sorex shrews.
Although Myodes voles were present among the captured
individuals (n = 99), they formed only 3 % of the diet of
Tengmalm’s Owl (Zarybnicka et al. 2013). Therefore, we
did not include Myodes voles in the analyses.

To enable comparisons of food availability in different
habitats, we used data from four lines (100 traps per line; 5 m
span) in the period 2002-2012. Trapping lines were
deployed in different habitats, which included forest clear-
ings, young stands of Blue Spruce, other coniferous and
deciduous trees, and small patches of old-growth Norway
Spruce forest. Captures were conducted during spring (early
June) and autumn (early October). The traps were left out for
three nights and checked daily in the morning. The per-
centage of habitat categories for each line was evaluated
within a buffer zone of radius 25 m using GIS. In the spring
captures, 227 individuals were caught and identified to
species level; in the autumn captures, the number was 381.

Landscape data analyses

Habitat composition was quantified within radii of 25 m
and 750 m around each nest box (totaling 1,773 boxes
during 1999-2012 across 229 individual sites; Table 2). A
radius of 25 m represented local habitat use of nest sites,
while the 750-m radius (177 ha) approximately represented
the size of the breeding home range of Tengmalm’s Owl
males in the study area (90 % kernel density estima-
tion = 187 ha, n = 10 males; Kouba 2009). We also
recorded the number of other buffers overlapping with the
particular nest box buffer.

The habitat categories for both the 25-m and 750-m
radius buffer zones were quantified using GIS. The vege-
tation maps used were originally developed for the pur-
poses of the Forestry Institute in 2008, and cover 79.2 % of
the study area. We mapped the remaining forest-free areas
(20.8 %) using Google Earth (habitat mapping layer:
Czech Republic). For analyses, the habitat of the study area
was divided into the following categories: (1) Norway
Spruce; (2) Blue Spruce; (3) other coniferous trees; (4)
other deciduous trees; (5) European Beech; (6) open forest
(dominated mainly by clearings but also including pasture
patches for cervids, wetlands, grazed lands, and meadows);
and (7) other areas (water surfaces and built-up areas) that
do not impact on the occurrence of Tengmalm’s Owl.

Statistical analyses

Firstly, we performed compositional analysis of habitats
for real and randomly generated nest boxes (R Develop-
ment Core Team 2011, R version 3.0.2 2013) using the
command “compana.” This analysis was carried out in two
steps. First, the significance of habitat use was tested (using
a Wilks lambda). Then a ranking matrix was built, indi-
cating whether the habitat category in the rows is used
significantly more or less than the habitat type in the col-
umns (Aebischer et al. 1993). This analysis was performed
for both buffer radii. Data on the relationship between
habitat characteristics (percentage area of each habitat
category within a buffer zone; response variable) and the
probability of nest box use (0/1), the probability of nest box
predation (0/1), diet composition (% by number), and
reproductive success (number of fledglings) (explanatory
variables) were analyzed using redundancy analysis (RDA)
in the Canoco (version 5.0) software (ter Braak and Smil-
auer 2012) to avoid autocorrelations among habitat per-
centages. Using this method allowed us to test the
influences of both binary and continuous explanatory
variables using multivariate data on habitat characteristics
(Leps and Smilauer 2003). Percentages of areas for habitat
categories were log transformed, as well as covariates with
continuous distributions. The use of covariates is specified
in Table 3; the covariate “buffer nest overlap” was
expressed as the number of overlapping buffers for a par-
ticular nest box. Monte Carlo permutation tests with 499
permutations were used to determine the significance of
each explanatory variable using forward selection. Instead
of using small mammal availability directly (Fig. 2), we
used year as a covariate to avoid pseudoreplications. All of
the abovementioned analyses were performed for both the
25-m and 750-m radius buffer zones. Partial analyses of the
relations between each habitat category and tested factors
were performed using Mann—Whitney U tests or multiple
regressions in Statistica version 9.0 (StatSoft Inc 2010).
The relationships between small mammal availability as an
explanatory variable (obtained by line trapping) and habitat
categories as response variables were analyzed using RDA.
This analysis was only performed for the 25-m radius
buffer zones. Percentages were log transformed. We only
present significant results in the present work.

Results
Habitat use
Compositional analyses of both buffer zone sizes showed

significant differences in habitat categories from the sur-
roundings of randomly generated nest boxes. Within a buffer
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Table 3 Relationships between habitat categories (response variables) and nest box occupancy, nest predation by martens, and the diet

composition of the owls

Topic Buffer No. of year-nest Year Nest box Buffer-nest Prey Iand II Explanatory F P
radius boxes ID overlap number axes variable
Habitat use 25 1,773 a a 30.70 Nesting (0/1) 4.49 0.0040
Habitat use 750 1,773 a a a 39.60 Nesting (0/1) 13.11 0.0020
Predation 750 234 a a a 67.22 Predation (0/1) 3.30 0.0160
Diet 25 121 a a a 50.85 Apodemus 2.61 0.0280
composition

Sorex 3.18 0.0140

Diet 750 121 a a a a 71.14 Apodemus 3.40 0.0140

composition

Results of RDA analyses and Monte Carlo permutation test results are shown

* Covariates were used. Axes I and II indicate the percentages of variability explained by the first two ordination axes. Only significant results

are shown

Fig. 2 Changes in the spring 10 q
abundances of Microtus voles, |
Apodemus mice, and Sorex
shrews in the study area in the
Ore Mountains, Czech Republic
from 1999 to 2012. Data are
shown as mean + SD

@ Apodemus mice
@ Microtus voles
81 O Sorex shrews

Small mammal availability
(no inds./100 trap nights)

1999 2000 2001

radius of 25 m, the owls used Norway Spruce more frequently
than expected (A = 0.7515, p = 0.0020; habitat ranking in
descending order: Norway Spruce > European Beech >
open forest areas > other areas > Blue Spruce > other
deciduous trees > other coniferous trees). Within a buffer
radius of 750 m, the owls used Blue Spruce more frequently
than expected (1 = 0.6545, p = 0.0020; habitat ranking in
descending order: Blue Spruce > open forest areas > Nor-
way Spruce > other deciduous trees > European Beech >
other areas > other coniferous trees).

Based on the results of RDA analysis using Monte Carlo
permutation tests, nest box occupation was significantly
affected by habitat categories within both buffer zone sizes
(Table 3). Within a buffer radius of 25 m, the percentage
of Norway Spruce was negatively correlated with the
percentage of other deciduous and coniferous tree species,
and also partially with the Blue Spruce percentage
(Table 3; Fig. 3a). We found a significantly higher per-
centage of Norway Spruce around occupied nest boxes than
unoccupied ones (Mann—Whitney U test: U = 133,518.5,
p = 0.0160; Fig. 3c). The differences were not significant
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2012
Year

for Blue Spruce, European Beech, and other deciduous and
coniferous species percentages (Mann—Whitney U tests:
p > 0.3). Within a buffer radius of 750 m, we found a
negative correlation between the percentage of Blue Spruce
and other tree species (RDA analysis and Monte Carlo
permutation tests; Table 3; Fig. 3b). Independently, the
Norway Spruce percentage was negatively correlated with
the beech percentage (Fig. 3b). A significantly higher
percentage of Blue Spruce was found for occupied nest
boxes than for unoccupied ones (overall RDA analysis,
Fig. 3b; Mann—Whitney U test: U = 120,363.0,
p < 0.00001, Fig. 3d). Percentages of Norway Spruce,
beech, and other deciduous and coniferous species did not
show significant differences (Mann—Whitney U tests:
p>0.2).

Small mammal availability and diet composition
The availability of small mammals (Microtus voles,

Apodemus mice, Sorex shrews) did not significantly differ
among the studied habitats (RDA analysis, Monte Carlo
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Fig. 3a—d The projection scores of habitat categories (defined by
percentage of area) related to nest box occupancy by Tengmalm’s
Owl within a buffer radius of a 25 m and b 750 m around the nest
(RDA analysis). Within a buffer of 25 m, the percentage of Norway
Spruce was negatively correlated with the percentage of other tree
species and partially with the percentage of Blue Spruce. Within a
buffer of 750 m, a negative correlation was found between the

permutation tests: p > 0.2). Diet composition of owls was
significantly affected by habitat categories for both buffer
zone sizes (RDA analysis, Monte Carlo permutation tests).
Within a buffer radius of 25 m, percentages of Apodemus
mice and Sorex shrews in the diet of owls were signifi-
cantly affected by overall habitat categories (Table 3), but
no partial relationship was significant (multiple regres-
sions: p > 0.1). Within a buffer radius of 750 m, a sig-
nificant effect of habitat categories on the percentage of
Apodemus mice in the diet was found (Table 3; Fig. 4a).
The percentage was positively related to the percentage of
Blue Spruce (multiple regression: beta = 0.208, r = 2.28,
p = 0.0230; Fig. 4b) and open forest areas (multiple
regression: beta = 0.272, t = 3.99, p = 0.0027; Fig. 4c).

Nest predation by Pine Martens and reproductive
success

Habitat categories within a buffer radius of 25 m showed no
differences between nests that were predated by martens and
nests that were not predated by martens. However, significant

percentage of Blue Spruce and the percentage of other tree species.
Percentages of ¢ Norway Spruce within a buffer radius of 25 m (M—
W U test, p = 0.0160) and d Blue Spruce within a buffer radius of
750 m (M-W U test, p < 0.00001) around the nest related to the
occupancy of nest boxes. Box-and-whisker plots: small squares
medians, boxes 25-75 % of data; whiskers, non-outlier range

differences were found for a buffer radius of 750 m (RDA
analysis, Monte Carlo permutation tests: Table 3; Fig. 5a). A
negative correlation was found between the percentage of
Blue Spruce and other deciduous trees (RDA analysis, Monte
Carlo permutation tests: Table 3; Fig. 5a). The large-scale
surroundings of nonpredated nests were characterized by a
higher percentage of Blue Spruce (Mann—Whitney U test:
U = 4,326.0,p = 0.0480; Fig. 5b) and a lower percentage of
other deciduous trees (Mann—Whitney U test: U = 4,193.0,
p = 0.0230; Fig. 5c) compared to nest boxes predated by Pine
Martens. The number of fledglings (controlled for laying date)
was not affected by habitat categories within a buffer radius of
either 25 or 750 m (Table 3).

Discussion
Habitat use in nest surroundings

A slightly higher but significant percentage of Norway
Spruce was found around occupied nest boxes than
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Fig. 4a—c a Projection scores of habitat categories (defined by
percentage of area) within a buffer radius of 750 m around the nest
related to percentages (% by numbers) of main diet components
(RDA analysis, Monte Carlo permutation tests: gray solid arrows
p <0.05, gray dashed arrows p > 0.05). Regression relationships
between the percentage of Apodemus mice in the diet of Tengmalm’s
owl and the percentages of b Blue Spruce (regression, p = 0.0230),
and ¢ open forest area (regression, p = 0.0027)

around unoccupied ones within a buffer radius of 25 m
(median 56.7 vs. 49.5 %, respectively). Kouba (2009)
showed that 13 radiotracked males during the period
2006-2008 preferred old Norway Spruce forests for
resting during the day (88 % of all locations) in our
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«Fig. 5 a The projection scores of habitat categories (defined by
percentage of area) within a radius of 750 m around the nest (RDA
analysis); a negative correlation between the percentage of Blue
Spruce and the percentage of other deciduous trees was found. The
percentages of b Blue Spruce (M-W U test, p = 0.048) and ¢ other
deciduous trees (M—W U test, p = 0.023) related to nests predated by
Pine Martens. Box-and-whisker plots: small squares medians, boxes
25-75 % of data, whiskers non-outlier range

study area. Similar preferences for dense coniferous
forests for roosting have been reported in Northern
America (Bondrup-Nielsen 1984; Hayward et al. 1993).
In Colorado, all roosts were found to be located on steep
slopes in relatively dense coniferous forests dominated
by Engelmann Spruce (Picea engelmannii). This tree
species appeared to offer good conditions for roosting
(i.e., protection against enemies from above) but less
cover below, facilitating easier attacks on prey towards
the ground surface (Palmer 1986; Ryder et al. 1987).
High tree density seems to be an important factor for
protecting against enemies during resting for other owl
species too; for example, Screech Owl Megascops
watsonii (Barros and Cintra 2009), Spotted Owl Strix
occidentalis (Ganey and Balda 1994; May et al. 2004),
or Tawny Owl Strix aluco nonbreeding adults that usu-
ally roost in less exposed locations than adults with
young and newly independent juveniles (Sunde et al.
2003).

During the breeding season, Tengmalm’s Owl males
often roost far from their nests to avoid attracting mobbing
birds and predators to the vicinity of their nests, and do not
defend their broods against enemies during the daytime
(Korpiméki and Hakkarainen 2012). On average, males
roost 626 m from their nests in our study area (Kouba
2009). Furthermore, males bringing food to the nest often
perch in dense Norway Spruce stands while communicat-
ing with females (M. Zarybnicka, unpublished data).
Moreover, females incubating eggs and broods typically
leave the nest for a few minutes each night to defecate,
regurgitate pellets, and preen (Korpiméki 1981; Zarybnicka
2009a). After the brooding period, females may help males
with the provisioning of food for the young (Eldegard and
Sonerud 2009, 2010, 2012; Zarybnicka 2009a), and they
also use old-growth Norway Spruce forest during prey
delivery (M. Zarybnicka, unpublished data). Meanwhile,
fledglings roost close to the nest box during their first days
after fledging (Kouba et al. 2013) and they often sit in
dense, tall and old-growth Norway Spruce forests (M.
Kouba, unpublished data). We suggest that tall, old-growth
Norway Spruce forests with dense structure in the vicinity
of nests are used more frequently than expected by Teng-
malm’s Owl individuals due to the protection they provide
against avian (mainly Goshawk and Tawny Owl) predators
during the rearing and fledging period.

Habitat use within a foraging area

A higher percentage of Blue Spruce was found within a
buffer radius of 750 m for occupied nest boxes than for
unoccupied ones (33.1 vs. 19.2 %, respectively), but no
relationship was found for other habitat groups. Kouba
(2009) showed that radiotracked Tengmalm’s Owl males in
our study area often hunt in Blue Spruce stands. Males are
frequently observed to hunt from Blue Spruce trees, and
show no sign of difficulty with sitting on the prickly nee-
dles. Several studies have shown that open areas such as
forest clearings, meadows, or young tree stands are char-
acterized by a wide variety of small mammals, and provide
good foraging opportunities for some avian predators, for
example Common Kestrel Falco tinnunculus (Village
1990), Sparrowhawk Accipiter nisus (éélek et al. 2010),
Ferruginous Pygmy Owl Glaucidium brasilianum (Sarasola
and Santillan 2014), or Tengmalm’s Owl breeding in
northern areas (Hakkarainen et al. 1996). In our study site,
the main components of the diet of Tengmalm’s Owl are
Microtus voles and Apodemus mice (Zarybnicka et al.
2009, 2013). We found that the abundances of both
Apodemus mice, Microtus voles, and Sorex shrews are
comparable in all basic habitat types within our study area
(including secondary stands of Blue Spruce, other conif-
erous and deciduous trees, forest clearings, and small pat-
ches of old-growth Norway Spruce forest). This is probably
caused by the open nature of most habitats and the domi-
nance of Wood Reed vegetation throughout the study area.
We suggest that Blue Spruce stands provide a suitable
habitat for the occurrence of both main prey types of
Tengmalm’s Owl (Apodemus mice and Microtus voles),
whilst they also offer good hunting opportunities for the
sit-and-wait tactic employed by this owl.

It was also found that the surroundings within a buffer
radius of 750 m in nonpredated nests showed a somewhat
higher percentage of Blue Spruce (median 34.2 vs. 29.4 %,
respectively) and a slightly lower percentage of deciduous
trees (median 8.3 vs. 9.6 %, respectively) than the sur-
roundings of nests preyed upon by Pine Martens. The
750-m radius buffer zone roughly equates to the home
range area of Pine Martens (approximately 200 ha)
(Zalewski et al. 1995; Pereboom et al. 2008). In some
years, martens predated up to 50 % of all nests. In Central
Europe, Pine Martens prefer woodlands (hedgerows, edges,
groves, and forests), but also use other areas such as fields
and human settlements (Pereboom et al. 2008). Sonerud
(1985) showed that the predation rate of Tengmalm’s
Owls’ nests by Pine Martens was higher in closed mature
spruce forests than in the open forest landscape. As a result,
nest boxes in closed mature spruce forest were avoided. In
agreement with this observation, Pereboom et al. (2008)
found that Pine Martens moved faster in closed forests
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compared to open areas. In our study site, Blue Spruce
forest is generally difficult to walk through because it does
not form a natural forest habitat, i.e., individual trees are
formed separately, they are low (compared to Norway
Spruce trees), and their branches reach the ground. More-
over, Blue Spruce growth contains the remains of dead
trees and snags, and field bumps originating during resto-
ration (each seedling was located on the top of a soil bump
of height 0.5-0.7 m made by an excavator; V. Bejcek, in
verb.). In this habitat, Black Grouse Tetrao tetrix can find
suitable protection against mammalian predators: dense
cover may reduce the visual and olfactory cues of nests for
predators or serve as an impediment to mammalian
movements (Svobodova et al. 2004). We suggest that the
high percentage of Blue Spruce growth within the home
range of Tengmalm’s Owl may provide good protection of
owl nests against predation by Pine Martens. Moreover,
deciduous trees may offer a good foraging habitat for Pine
Martens, particularly due to the occurrence of Mountain
Ash, the fruits of which are often found in its diet (Je-
drzejewski et al. 1993). In agreement, we found a lower
percentage of deciduous trees in surroundings of nonpre-
dated nests.

Diet composition

Because we did not find differences in small mammal
availability among habitats, one might expect no effect of
habitat categories on diet composition. However, a positive
correlation was found between the percentage of Apodemus
mice in the diet of Tengmalm’s Owl and the percentage of
Blue Spruce and open forest habitats within a buffer radius of
750 m (i.e., hunting range). No such relationship was found
for the percentage of the second main prey type, Microtus
voles. The availability of Apodemus mice in the field posi-
tively affected its percentage in the diet (26 %), but no such
relationship was found for Microtus voles despite its high
percentage in the owls’ diet (47 %) (Zarybnicka et al. 2013).
The results of this study support the notion in related work
that mice are a more vulnerable prey type in general than
Microtus voles, especially during years of high abundance.
(1) Apodemus mice show similar night activity to Teng-
malm’s Owls, while voles usually exhibit a mixture of day,
dusk, and dawn activity (Wéjcik and Wotk 1985; Halle and
Stenseth 2000). (2) The timing of mice reproductive activity
is well synchronized with that of Tengmalm’s Owls, as
compared to the relatively late reproductive activity of voles.
Mice usually start reproducing in February to March and
continue until late summer, while voles usually start in April
or May and finish in autumn (Andéra and Gaisler 2012; V.
Bejcek, 20-year unpublished dataset from our study area).
(3) The social behavior of mice differs from that of Microtus
voles. Apodemus mice are not social animals and have larger
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home ranges (ca. 5,000 m?) than Microtus voles, which are
social animals and have small home ranges (ca. 20 m?)
(Sladek and Mosansky 1985; Halle and Stenseth 2000).
However, note that the absence of a functional response to
the availability of Microtus voles can be partially explained
by the frequent records of decapitated vole prey, which may
reflect an underestimation of them in the diet (Zarybnicka
et al. 2011, 2013).

Reproductive success

No relationship between habitat categories and the
reproductive success of owls (expressed as the number of
fledglings) was found. In Finland, the production of young
and the nestling survival of Tengmalm’s Owl have been
reported to be negatively correlated with the proportion of
farmland area during the decreasing phase of the vole
cycle, while breeding performance was not affected by
landscape composition during the low and increasing
phases of the vole cycle (Hakkarainen et al. 2003). The
authors suggested that this phenomenon may have resul-
ted from an earlier decline in vole densities in luxuriant
farmland habitats where predator density was higher than
in barren hinterland (Hakkarainen et al. 2003). These
results were not supported by our findings. We suggest
that the differences are mainly caused by the different
cycles of prey, low competition for prey with other rap-
tors, and completely different habitats. (1) Food avail-
ability of small mammals in Central Europe is relatively
stable from year to year, and there is simultaneously a
higher diversity in the prey community (both mice and
voles) compared to northern areas (Korpimiki and Ha-
kkarainen 2012; Zarybnicka et al. 2012, 2013). (2) There
is low competition with other vole-specialized predators
(the abundances of other birds of prey and owls in the
study area are very low: only Tawny Owl and Eurasian
Pygmy Owl Glaucidium passerinum breed in densities of
1-2 pairs/100 km* within old beech and spruce forest
remnants; St'astny et al. 2006; M. Zarybnickd, unpub-
lished data), and thus there is a low impact of specialized
predators on vole availability. (3) There are only small
patches of old-growth Norway Spruce forests in our study
site, and most foraging habitats of Tengmalm’s Owl
contain open areas of Blue Spruce and open forest habi-
tats (including clearings) compared to the more compact
forest habitats of Northern Europe.

Conclusions
Forest habitats in the Ore Mountains have been changed

radically due to anthropogenic activity, but—paradoxi-
cally—they have become suitable for the threatened
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Tengmalm’s Owl. We have shown that the European
population of Tengmalm’s Owls is able to accept non-
native spruce (originally from Northern America) within its
home range, and uses this habitat at the scale of its hunting
range. We suggest that the Blue Spruce stands provide a
suitable environment because (1) both of its main prey
types (Apodemus mice and Microtus voles) can be found in
them, (2) the stands permit the use of the owl’s favoured
sit-and-wait hunting strategy, and (3) they provide good
protection against nest predation by Pine Martens. Mean-
while, forests of native Norway Spruce were found to be a
necessary component of the close surroundings of the nest,
suggesting that adult owls and young fledglings can use
this habitat type as a safe refuge against avian predators.
These findings indicate that Tengmalm’s Owl is able to
cope with anthropogenic impacts on the environment and
even respond positively to these changes. However, pop-
ulations of other predators show lower abundances; thus,
from a broader perspective, anthropogenic pressure in the

Ore Mountains has resulted in an unstable raptor
community.
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Abstract We investigated the nest-site settlement of the
forest-dwelling Tengmalm’s owl (Aegolius funereus) in the
temperate zone of Central Europe (Czech Republic) over a
14-year period. We analysed the effect of changes in nest-
site suitability (expressed as the proportion of deciduous
forest) within the immediate surroundings of the nest boxes
(a buffer radius of 25 m) in relation to nest box occupancy,
the mean standardized laying date (further the laying date),
occurrence of nest predation, and breeding density. In line
with the predictions of the site dependence model, we
found a positive relationship between the laying date and
the proportion of deciduous trees in the nest box sur-
rounding. Further, we found the interactive effect of the
laying date and the proportion of deciduous forest sur-
rounding a nest box on the occurrence of breeding attempts
predated by pine martens. A higher proportion of decidu-
ous forest was found in the surroundings of predated than
non-predated breeding attempts, and a steeper positive
relationship between the laying date and the proportion of
deciduous forest was found in the surroundings of non-
predated than predated breeding attempts. The change in
the owls’ habitat utilization can be explained by the process
of tree leafing which makes the deciduous forest a less
suitable habitat with high risk of nest predation before tree
foliage and a more suitable habitat with low risk of nest
predation after tree foliage. We conclude that our results
are in agreement with the site dependence model, and that
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the degree of foliage of deciduous forest in the nest sur-
rounding of Tengmalm’s owl is a key factor determining
site suitability due to predation risk from pine martens in
Central Europe.

Keywords Aegolius funereus - Anti-predation strategy -
Habitat selection - Laying date - Temperate area - Tree
foliage

Introduction

Habitat selection is a key process determining distribution
and abundance in wild animal populations. Formerly, two
main hypotheses for animal distribution have been pro-
posed. The ideal free distribution model predicts that ani-
mals occupy habitats in proportion to the availability of
resources within habitats and no competitive asymmetries
among individuals exist (Fretwell and Lucas 1970; Fret-
well 1972). However, this model seems to be inappropriate
for territorial animals, due to their limitations of move-
ments among suitable habitats, and also because territorial
behaviour precludes high densities that would lead to
decreased fitness. Thus, the model gained only little sup-
port in empirical studies (reviewed by Newton 1998). More
often, territory occupancy patterns have been found to be
selective (e.g., Halama and Dueser 1994; Kostrzewa 1996).
Dominant individuals usually secure territories of higher
quality early in the spring while subordinate individuals or
young are consequently forced into unfavourable or lower
quality habitats. Such a settlement pattern is known as the
ideal despotic distribution (Fretwell and Lucas 1970;
Fretwell 1972). Since the above-mentioned models are
relevant for discrete habitats patches, they were conse-
quently modified with new ideas to be more realistic for
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natural populations of living animals. In this paper, we
focus mainly on the relevancy of the site dependent model
evaluating the continuum of variability among different
sites (Rodenhouse et al. 1997, 2000). Contrary to the for-
mer hypotheses, the site dependence model predicts that
individuals occupy the territories from best to worst, in
terms of changing site suitability over the years and in the
course of the breeding season. Site suitability is defined by
complex of environmental factors that affect reproductive
performance and the survival of individuals. Laying and
arrival date have been found to be good surrogates of
individual quality and reproductive performance in many
species (reviewed by Sergio et al. 2007). Although not all
predictions of this model were usually tested, the empirical
data seems to give a support for site dependent model
(Sergio et al. 2007).

Territory quality is usually related to the availability of
food resources, which in turn increases reproductive suc-
cess (e.g., Franklin et al. 2000; Penteriani et al. 2004). In
some species, however, it has been documented that food
resources play a minor role in quality of territory (e.g.,
Suarez et al. 2000; Tome 2003; Martinez et al. 2007), and
that rather other factors may be the main determinants of
reproductive output, such as the risk of predation (Tome
2003; Martinez et al. 2006), availability of nest-sites (Both
and Visser 2003; Tome 2003), or competitive interactions
(Hakkarainen and Korpimiki 1996). Most studies con-
cerning habitat selection and animal distribution have
focused on habitat quality within the entire territory of the
studied species, but local nest-site quality has been
neglected. Moreover, habitats may change considerably
during the breeding season which may have serious
implications for habitat selection (Wilson et al. 1997,
Donald et al. 2002; Brambilla and Pedrini 2011).

Tengmalm’s owl (Aegolius funereus) is a small noctur-
nal bird of prey, feeding mainly on voles and mice (Kor-
piméki 1988a; Zarybnicka et al. 2013), with a Holarctic
distribution that corresponds well with the natural range of
Norway spruce (Picea abies). The availability of voles and
mice determines the owls’ reproductive success, which
decreases over the course of the breeding season (Zaryb-
nickd et al. 2015a). More or less isolated populations occur
in Central and Southern Europe where they inhabit mainly
Norway spruce forests, mixed forests of spruce and Euro-
pean beech (Fagus sylvatica), or non-native blue spruce
(Picea pungens) forests (St'astny et al. 2006; Zarybnicka
et al. 2015b). Adult owls and fledglings use dense and tall
coniferous forests to avoid the risk of being mobbed by
small birds or killed by diurnal birds of prey (Bye et al.
1992; Korpimiki and Hakkarainen 2012). The effect of
environmental heterogeneity can vary within the geo-
graphic range of a species. For example, the proportion of
Norway spruce forests and farmland can be positively
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correlated with the survival and breeding success of the
Tengmalm’s owl population in Finland (Korpiméki 1988b;
Hakkarainen et al. 2008), while a higher proportion of non-
native blue spruce can decrease the rate of nest predation
by pine martens (Martes martes) in the Tengmalm’s owl
population in the Czech Republic (Zarybnickd et al.
2015b). In Norway, the owls preferred to occupy boxes
installed in clear-cuts and avoided those installed in old
coniferous forest because of higher predation risk from
pine martens (Sonerud 1985). In Central Europe, conifer-
ous stands are the most common habitat type for Teng-
malm’s owl, although deciduous forests also represent a
considerable part of Tengmalm’s owl territories (Kor-
pimiki and Hakkarainen 2012; Zarybnicka et al. 2015c).
Despite this fact, the role of deciduous forest in the dis-
tribution of Tengmalm’s owl is not well understood. In
particular, the degree of tree foliage of deciduous forests
changes dramatically throughout the breeding season of
Tengmalm’s owl (i.e., from March to August), but little is
known about the impact of these seasonal changes on nest-
site selection by these forest-dwelling predators.

In this study, we investigated the distribution of the
Central European Tengmalm’s owl population in the Ore
Mountains (Czech Republic) where both coniferous and
deciduous forests form important habitats for this owl. Based
on the site dependent model, we predicted that the proportion
of deciduous forests in the immediate surroundings of the
nest box would differ between (1) occupied and unoccupied
nest boxes, i.e., the owls would more frequently breed in
coniferous forests and (2) predated and non-predated
breeding attempts, i.e., the proportion of deciduous forest
would be higher in the surroundings of predated than non-
predated breeding attempts. Since clutch size and fledgling
production of Tengmalm’s owl was negatively correlated
with laying date (Korpimiki and Hakkarainen 2012;
Zarybnicka et al. 2015a) we used the mean standardized
laying date as a surrogate of individual quality and predicted
that (3) the proportion of deciduous forest would positively
correlate with the laying date. We also tested the relationship
between (4) the mean annual proportion of deciduous trees
per breeding attempt and annual breeding density.

Materials and methods
Study species and area

The study was conducted in the northern part of the Czech
Republic (50°N, 13°E), in the forests of the Ore Mountains
(elevation 730-960 m a. s. 1.; area 70-100 kmz), from 1999
to 2012. In our study site, foliage cover develops during
April and May when the mean monthly temperature is 5.4
and 10.1 °C, respectively (data from the Czech
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Hydrometeorological Institute). The main habitat is char-
acterized by a heterogeneous mosaic of old Norway spruce
forests, fragments of young secondary forests dominated
by non-native blue spruce, native deciduous trees (mainly
European beech, European larch Larix decidua, mountain
ash Sorbus aucuparia, European hornbeam Carpinus
betulus, alders Alnus sp., and birches Betula sp.), and open
areas with solitary beeches. In this study site, the owls
breed primarily in nest boxes (>90% of nests), as the
availability of natural cavities is low (for details, see
Zarybnicka et al. 2015¢c). Nest boxes have been evenly
distributed within the study area and were fixed onto trees,
3-5 m above the ground. The total number of nest boxes in
the study area annually varied between 100 and 167
(mean *+ SD, 126.6 £ 26.8 boxes, n = 14). All nest boxes
were kept in good condition (they were regularly cleaned
after breeding and repaired when necessary) and the sur-
roundings of the nest box entrance were kept free of
vegetation.

Basic breeding data (i.e., laying date, fledgling production,
and predation events) was collected during regular inspections
of all nest boxes during the breeding season (for details, see
Zarybnicka et al. 2012). From 1999 to 2012, a total of 234
breeding attempts (i.e., at least one egg was laid) of Teng-
malm’s owls was recorded, of which 119 were successful (i.e.,
atleast one young fledged) and 115 unsuccessful. Of the latter,
60 were predated by pine martens and 55 nesting attempts
failed due to unknown reasons (one of which could be for
example the death of adults, see also Zarybnicka and Vojar
2013). Tengmalm’s owls in our study area usually breed from
March to July, and their residence in the cavity from egg
laying to fledging lasts about two months (Eldegard and
Sonerud 2012; Zarybnicka et al. 2015d). The laying date of the
first egg was known for 207 breeding attempts (mean £ SD,
16th April £ 23.4 days, range 4 March-29 June). Each year,
we also assessed the breeding density of owls as the number of
breeding attempts per 100 nest boxes and the number of
breeding attempts per 100 km?, respectively.

Landscape data analyses

Habitat structure was assessed within a radius of 25 m around
each nest box (Zarybnicka et al. 2015c). Habitat categories
were defined using GIS (ArcGIS version 10.3, ESRI, Inc.)
from vegetation maps that were originally developed for the
purposes of the Forestry Institute (for details, see Zarybnicka
et al. 2015c¢). For further analyses, the habitats of the study
area were divided into following categories: (1) evergreen
coniferous forests (dominated by Norway and blue spruce);
(2) deciduous forests (dominated by European beech, Euro-
pean larch, mountain ash, European hornbeam, alders, and
birches), and (3) unused areas (dominated mainly by clear-
ings, meadows, and pasture patches for cervids).

Statistical analyses

For all the nest boxes available to the owls during 14-year
study period (n = 1777), the relationship between nest box
occupancy (0/1) and the proportion of deciduous forest
within a buffer radius of 25 m around the nest box (%) was
analysed using GLMM model (Imer function) in R soft-
ware. Nest box occupancy was used as dependent variable
with binomial distribution and the proportion of deciduous
forest as independent variable. Year and nest box were
used as random factors to eliminate the effect of changing
food supply and the occurrence of pseudo-replications
(owls nested repeatedly in some nest boxes, mean + SD,
1.9 + 1.1 breeding attempts per nest box).

We further performed analyses only for occupied nest
boxes with known laying date (n = 207 breeding
attempts). Due to the occurrence of pseudo-replications in
our dataset, we used a nest box as a data unit (n = 111 nest
boxes). Laying date of each nest box was in each year
standardized to mean zero and variance 1. We used the
mean standardized laying date of all breeding attempts for
each nest box. This recalculation of raw data allowed us to
eliminate the effect of food supply or weather conditions
on laying date in particular years. We built a GLM model
with the mean standardized laying date as dependent
variable and the proportion of deciduous forest in the nest
box surrounding as independent variable. Because the
distribution of dependent variable did not differ from
Gaussian  distribution  (Kolmogorov—Smirnov  test,
P = 0.13), we used identity link function. The effect of the
proportion of deciduous forest (independent variable) on
the occurrence of predation (dependent variable) was cal-
culated by binomial GLM model. Numbers of predated/
non-predated breeding attempts in the nest box were used
as separate columns. We used chind function in R to
aggregate these two variables. We also included the
interaction between the mean standardized laying date and
the proportion of deciduous forest in the model. Percent-
ages of explained variability were calculated after recom-
mendations of Nakagawa and Schielzeth (2013).

The relationship between breeding density (the number
of nesting attempts per 100 boxes and per 100 km?,
respectively) and the mean annual proportion of deciduous
forest (n = 14 years) were calculated using a simple
regression in Statistica v. 12.0 (StatSoft, Inc. 2013).

Results

The proportion of deciduous trees in the nest box sur-
rounding was marginally non-significantly higher in
unoccupied nest boxes than occupied ones (GLMM,
2.6% of explained variability, beta £ SE, —1.9 £ 0.12;
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Chi = 3.14, P = 0.08; occupied vs. unoccupied boxes:
median, range 25-75%: 7.3%, 0.1-22.8% vs. 10.9%,
1.4-38.5%, n = 1777 nest boxes of which 234 were
occupied and 1543 were unoccupied). Using the dataset
for occupied nest boxes only, we found that the mean
standardized laying date was positively correlated with
the proportion of deciduous forest (GLM, 14.1% of
explained variability, beta £ SE, 0.22 + 0.05, P = 0.01,
n = 111, Fig. 1a). Further, we found a significant effect
of the interaction between the mean standardized laying
date and the proportion of deciduous forest surrounding
a nest box on the occurrence of predation events (GLM,
3.3% of explained variability, P = 0.03, beta + SE,
proportion of deciduous forest: 0.02 £+ 0.01, standard-
ized laying date 0.55 &£ 0.29, interaction —0.05 £ 0.02).
In general, a higher proportion of deciduous forest was
found in the surroundings of predated than non-predated
breeding attempts (Fig. 1b). We also found a steeper
positive relationship between standardized laying date
and the proportion of deciduous forest in the surround-
ings of non-predated than predated breeding attempts
(Fig. 1c, d). Finally, we did not find a significant rela-
tionship between annual breeding density and the mean
annual proportion of deciduous forest (a simple regres-
sion: nest density per 100 boxes: beta + SE
—0.20 &£ 5.76, F =0.51, P =0.49, n = 14 years, or
nest density per 100 km* beta & SE —0.17 % 5.68,
F =036, P = 0.56, n = 14 years).

Discussion

For birds inhabiting an agriculture landscape in a tem-
perate zone, it has been shown that habitat utilization
may change considerably over the season (e.g., Wilson
et al. 1997; Donald et al. 2002; Brambilla and Pedrini
2011), but these patterns are poorly known for forest-
dwelling birds. However, it has been documented that
early nesting long-eared owls (Asio otus) and hooded
crows (Corvus corone) prefer to settle in coniferous
forests as a result of the higher predation risk in
deciduous forest before the development of tree foliage
(Loman 1975; Tome 2003). As predicted, the proportion
of deciduous forest tended to be lower in the immediate
surroundings of occupied nest boxes (7%) than non-oc-
cupied nest boxes (11%). The result was probably
altered by the fact that young and inexperienced indi-
viduals tried to breed in suboptimal habitats. Further-
more, we found more deciduous forests around nests
initiated later in the season. Therefore, we suggest that
the proportion of deciduous trees can be a useful mea-
sure of site suitability. Consequently, we found that a
higher proportion of deciduous forest surrounded
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predated breeding attempts, and a steeper positive rela-
tionship between the laying date and the proportion of
deciduous forest in the surroundings of non-predated
than predated breeding attempts. Thus, site suitability
probably changed in term of predation risk and our
results support the site dependence model proposed by
Rodenhouse et al. (1997).

Many terrestrial vertebrates, and in particular birds and
mammals, prefer habitats with dense vegetation cover to
reduce predation risk (e.g., Kaufman et al. 1983; Franklin
et al. 2000). For example, dense forests habitats offering
good vertical and horizontal concealment were preferred
by roosting tawny owl fledglings (Overskaug et al. 1999).
Similarly, Tengmalm’s owl in both Europe and Northern
America prefers dense coniferous forests as a refuge
against a number of bird and mammalian predators (Bye
et al. 1992; Hayward et al. 1993; Korpimiki and Hakkar-
ainen 2012). The survival rate of adult Tengmalm’s owl
males in Finland even increased with the proportion of old
forests within their home-ranges (Korpiméki and Hakkar-
ainen 2012). Moreover, it has been documented that the
mortality of tawny owl fledglings was the highest early
after leaving the nest, when fledglings were small and had
poorly developed locomotion (Overskaug et al. 1999;
Sunde 2005). Deciduous forests (birches Betula sp. and
aspen Populus tremula) usually comprise only a marginal
share (<5%) in Tengmalm’s owl territories without any
effect on owl reproduction or adult survival (Korpiméki
and Hakkarainen 2012), whereas our study site was located
in the southern margin of species range where deciduous
forests (e.g., European beech, European hornbeam, Euro-
pean larch, mountain ash) regularly occur because of their
increased temperature requirements (Ufadnidek et al.
2001). Therefore we suggest that the proportion of decid-
uous trees in nest surrounding cannot be a universal mea-
sure of site suitability through the entire range of
Tengmlam’s owl occurrence.

We did not find a relationship between the proportion of
deciduous forest and annual breeding density. This finding
is not surprising in light of the site dependence model
which suggests negative feedback even for small popula-
tions (Rodenhouse et al. 1997). For example, the breeding
density of Tengmalm’s owl can be locally influenced by
small mammal availability that can considerably alter nest-
site suitability. In Finland, low-quality nest sites are more
frequently occupied by European Tengmalm’s owls during
increased density of bank voles (Korpimiki and Hakkar-
ainen 2012).

To conclude, we found that the nest-site distribution of
the Central European Tengmalm’s owls was influenced by
temporal changes in deciduous forests. Breeding attempts
predated by pine marten were associated with more
deciduous forest in the nest box surrounding early in the
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Fig. 1 The relationship
between a the mean
standardized laying date of
Tengmalm’s owl and the
proportion of deciduous trees in
the nest box surrounding (a
buffer radius of 25 m, n = 111
nest boxes), b the comparison of
the proportion of deciduous
forest in the surrounding of
predated and non-predated
breeding attempts (point:
median, box 25-75% of data,
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season. The main factor affecting Tengmalm’s owl nest
distribution in our study site is therefore actual site suit-
ability which is in line with the site dependence model.
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Indirect food web interactions affect predation of
Tengmalm’s Owls Aegolius funereus nests by Pine
Martens Martes martes according to the alternative
prey hypothesis
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Although population cycles of rodents are geographically widespread and occur in a num-
ber of rodent species, higher-order food web interactions mediated by predator-rodent
dynamics have primarily been described from boreal and arctic biomes. During periods of
low rodent abundance, predators may switch to alternative prey, which may affect other
predators directly or indirectly. Using a long-term dataset, we assessed the frequency of
Pine Marten Martes martes predation on the nests of Tengmalm’s Owl Aegolius funereus
during periods of fluctuating rodent abundance in Central Europe. The number of nests
predated by Pine Martens was positively correlated with the annual number of nests avail-
able. The probability of predation by Pine Martens on Tengmalm’s Owl nests decreased
with increasing spring abundance index of Apodemus mice, but was not related to the abun-
dance index of Myodes and Microtus voles, pooled rodent abundance or age of the nestbox.
Additionally, we found no relationship between the breeding frequency (i.e. the number of
nesting attempts per nestboxes available) and an abundance index of Microtus and Myodes
voles, Apodemus mice or overall rodent abundance. Our results demonstrate, for the first
time in a temperate area, that during periods of low Apodemus mouse abundance, the
switching response of an opportunistic mammalian predator can lead to indirect food web
interactions through an increase in nest predation on a sympatric avian predator.

Keywords: Apodemus mice, birds of prey, Boreal Owl, mammalian predator, Microtus voles, nest
predation, predator-rodent dynamics, temperate area.

Annual variation in the breeding success of
ground-nesting birds in boreal and arctic areas
depends on cyclical changes in the abundance of
small mammals (Summers 1986, Underhill et al.
1993, van Impe 1996, Béty et al. 2001, Ackerman
2002). According to the alternative prey hypothe-
sis, this relationship is caused by variable annual
predation pressure on alternative prey resulting
from the functional and numerical responses of
predators to the density of their main prey (Lack
1954, Angelstam et al. 1984, Béty et al. 2001).
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When small mammals are abundant, the majority
of vertebrate predators feed primarily on those, i.e.
they respond functionally to small mammals (An-
gelstam et al. 1984, Sonerud 1992). However,
during periods of decline in small mammal popula-
tions, these same vertebrate predators must switch
to alternative prey, which often includes the eggs
and young of birds (Pienkowski 1983, Underhill
et al. 1993, Wilson & Bromley 2001). As a result
of these dynamics, alternative prey species suffer
higher predation during the decline and low phase
of the rodent cycle. This relationship was found
between lemming (Arvicolinae) population densi-
ties and the frequency of predation by Arctic Fox
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Alopex lagopus, gulls (Laridea) or skuas (Stercorar-
iidae) on nests of geese Branta sp. and Anser sp.
and wader species (Charadriidae) in artic areas
(e.g. Summers 1986, Martin & Baird 1988, Under-
hill et al. 1993, Béty et al. 2001, Wilson & Brom-
ley 2001), as well as between microtine rodent
density and predation by mammals on nests of
grouse (Phasianidae) in boreal areas (Angelstam
et al. 1984, 1985, Wegge & Storaas 1990, Small
et al. 1993). To date, such indirect food web inter-
actions have been described almost exclusively in
northern areas, although several studies have
shown a correlation between predation pressure
on ground nesters (Ackerman 2002, Saniga 2002,
Salek et al. 2004) or cavity nesters (Dunn 1977)
and small mammal abundance in temperate areas.
To our knowledge, no long-term study has shown
such interaction between predation intensity on
cavity nesters and small mammal abundance as a
form of indirect competition between two preda-
tors feeding on the same resource.

Tengmalm’s (or Boreal) Owl Aegolius funereus,
weighing on average during breeding 170 g
(female) and 102 g (male) (Korpimaki 1981), is a
nocturnal avian predator, feeding primarily on Mi-
crotus and Myodes voles and Apodemus mice (Kor-
pimaki 1988, Zirybnicka et al. 2013). It nests for
the most part in cavities made by Black Wood-
pecker Dryocopus martius, but it also willingly
occupies nestboxes (Korpimaki & Hakkarainen
2012). The Pine Marten Martes martes, weighing
600-2200 g (Aulagnier et al. 2009), is an oppor-
tunistic forest-dwelling predator, feeding mainly
on small mammals (Storch et al. 1990). In Central
Europe, it occupies a similar range to the Teng-
malm’s Owl and, as with the Owl, Microtus and
Myodes voles and Apodemus mice make up 60—
80% of its diet from March to July (Jedrzejewski
et al. 1993). In addition, Pine Martens also take
alternative prey including small birds, their eggs
and nestlings, fruit, beetles and ungulate carcasses
(Helldin 2000, Sidorovich et al. 2005). The Pine
Marten is also a significant predator of Teng-
malm’s Owl nests (Korpimdki 1981, Sonerud
1985a,b, Drdékovi-Zarybnickd 2003). In both
Central and Northern Europe, only martens Mar-
tes sp. are documented as mammalian predators
of Tengmalm’s Owl nests (Korpimaki & Hakkarai-
nen 2012). The proportion of Tengmalm’'s Owl
nests predated by martens varies between areas
from 5 to 59% based on an average over several
years (Sonerud 1985b, Vacik 1991, Drdikova-
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Zérybnickd 2003, Mayer 2003, Korpimiki & Ha-
kkarainen 2012). Marten predation on fledglings
soon after leaving the nest has also been occasion-
ally recorded in Central Europe (Kouba & Stastny
2011). The proportion of Tengmalm’s Owl nests
predated by martens, however, does not seem to
differ between natural cavities and artificial nest-
boxes (Mayer 2003, Lépez et al. 2010). As nest
predation by Pine Martens in a box increases with
time (Sonerud 1985b), the predation risk of Teng-
malm’s Owl nests can be reduced by nestbox
relocation (Sonerud 1989, 1993).

We analysed a 14-year dataset on predation of
Tengmalm’s Owl nests by Pine Martens in the
Czech Republic, Central Europe, in relation to the
availability of small mammals and Tengmalm’s
Owl nests. Due to the opportunistic feeding strat-
egy of martens (Storch et al. 1990) we predicted
that the annual number of nests predated by Pine
Martens would correlate positively with the num-
ber of nests available. Simultaneously, we pre-
dicted that the annual frequency of nest predation
by Pine Marten would not correlate with breeding
frequency of Owls, because the number of Owl
nesting attempts does not correlate with the den-
sity of nestboxes in our study area (Zarybnickd
et al. 2015b). Furthermore, in light of the alterna-
tive prey hypothesis (Lack 1954), we predicted
that the probability of nest predation by Pine Mar-
ten would decrease with increasing abundance of
the usual primary prey of Pine Martens (Microtus
and Myodes voles, Apodemus mice, and pooled
rodent abundance), but it would not be related to
functional age of the nestbox due to selective relo-
cation of predated nestboxes. Finally, we assessed
the relationship between breeding frequency of
Tengmalm’s Owl and an index of abundance of
Microtus and Myodes voles, Apodemus mice, and
pooled rodent abundance.

METHODS

Study species and area

Our study was conducted in a northern part of the
Czech Republic (50°N, 13°E), on the Ore Moun-
tain plateau (730-960 m a.s.l., area 70 km?) from
1999 to 2012. The study site is characterized by
a mosaic of small patches of mature Norway
Spruce Picea abies forests, fragments of young sec-
ondary forests and open areas with no trees; such
a pattern results from significant impacts of air



pollution towards the end of the 20th century
(Zarybnick4 et al. 2013). Pine Marten and Teng-
malm’s Owl occur together at this study site.
Tengmalm’s Owls breed mainly in nestboxes
(> 90% of breeding pairs), as natural holes are
infrequent and usually confined to rare solitary
European Beech Fagus sylvatica trees. The nest-
boxes were lined with wood chips and were
square-shaped in cross-section, with an inner width
between 20 and 22 cm, a height of 40 cm, the
distance from the top of the layer of wood chips
to the box entrance was 22-24 cm, and the open-
ing diameter was 8 cm. They were usually
installed 3-5 m above the ground. Nestboxes were
evenly distributed within the study area and their
numbers varied between 100 and 167 (mean =+ se,
126.6 + 7.2) in different years. On an irregular
basis we relocated old boxes and boxes with
occurrence of nest predation to new places and
installed new boxes (5.1 + 2.8 new boxes per
year). The average life of each nestbox in any
given location was 7.7 + 0.2 years (range = 3—
14 years, median = 7 years). All nestboxes were
kept in good condition (they were cleaned regu-
larly after breeding and repaired when necessary)
and the area surrounding nestbox entrances was
kept free of vegetation, with any branches
obstructing the entrance being cut.

In our study area, Tengmalm’'s Owls usually
breed from March to July and the nesting period
takes about 2 months (26-32 days of incubation
and 27-38 days of brooding; Zarybnicki et al.
2012, Kouba et al. 2014). They exhibit similar
daily activity patterns to those of Pine Marten
(both are active between 20:00 and 06:00 h; Za-
lewski 2001, Zarybnick4d 2009a). Females incubate
the eggs and brood the young (they leave the nest
several times each night to defecate, regurgitate
the remains of food and preen; Korpimiki 1981,
Zirybnickd 2009b). Males provide food for
females and young from egg-laying to indepen-
dence of fledglings (i.e. 5-9 weeks after fledging;
Zéarybnickd 2009b, Eldegard & Sonerud 2012,
Kouba et al. 2013). Tengmalm’s Owl females are
usually nomadic outside the breeding season,
whereas males are resident throughout the year
(Korpimaki & Hakkarainen 2012).

Field procedures

Each year, all nestboxes were inspected from the
onset of the breeding period (late March) to the
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end of the breeding period (July) within intervals
of 1-3 weeks to detect new breeders. Nestboxes
found to be occupied were subsequently re-visited
once per week. A nesting attempt was considered
successful when at least one young fledged; other-
wise the nesting attempt was considered to be
unsuccessful. Nest predation by Pine Martens was
identified according to the signs left in the nest or
near the nestbox, i.e. scat or hairs together with
the presence of broken eggshell remains (with evi-
dence of tooth marks, Supporting Information Fig.
Sla), dead nestlings or their remains, or when
recorded on a camera installed in the entrance of
some nestboxes (Supporting Information Fig. S1b).
If the Marten predated a nest before our first nest-
box visit and removed all eggs without any signs,
we could not determine that nest predation has
occurred. Therefore, the frequency of nests and
nest predation may have been underestimated. It
is possible that the frequency of nest predation
could be affected by our own visits (Bart 1977).
However, we visited the nestboxes during a period
without snow cover and so left no tracks that a
potential nest predator could follow. Other failed
nesting attempts were caused by nest abandon-
ment during the incubation phase or during the
nestling phase with signs of food shortage (no
stored prey in the nestbox and disappearance of
the youngest nestlings during regular nest visits;
Zirybnickd & Vojar 2013).

Both Pine Martens and Stone Martens Martes
foina occur in the Czech Republic; however, the
Pine Marten is a typical inhabitant of forest areas
(Zalewski et al. 1995, Pereboom et al. 2008),
whereas Stone Martens inhabit urban and subur-
ban, rock cliffs, and agriculture landscapes (Salek
et al. 2005), which are very rare at our study site.
Furthermore, we have observed only Pine Martens
in our study site during 1999-2014 (e.g. Fig. S1b)
and we assume that all nest predations were
caused by this species.

Prey abundance

The abundance of small mammals was assessed
using snap-traps. Trapping was carried out at the
beginning of June each year from 1999 to 2012 by
setting up snap-traps (baited with roasted flour-
covered bacon) in three 1-ha areas (100 x 100 m
squares, 11 x 11 trap grid, span 10 m, 121 traps
in total for each square). The traps were left out
for 3 days and checked every morning. We calcu-
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lated the abundance index of small mammals as
the number of captured individuals per 100 trap
nights in each trapping area. All captured mam-
mals (n = 425) were identified to species level and
grouped into three categories according to main
prey of Pine Marten (after Jedrzejewski et al.
1993): Microtus voles (Field Vole Microtus agrestis,
Common Vole Microtus arvalis and European Pine
Vole Microtus subterraneus), Myodes voles (Bank
Vole Myodes glareolus) and Apodemus mice (Yel-
low-necked Mouse Apodemus flavicollis and Wood
Mouse Apodemus sylvaticus).

Statistical analysis

Autocorrelation analysis on prey population fluctu-
ations of Apodemus mice, and Microtus and Myodes
voles was performed using staTisTicA v. 9.1. (Stat-
Soft 2010). Positive correlation coefficients with
95% confidence limits that did not span zero were
taken to indicate peak periodicity.

The occurrence (0/1) of predation events
(dependent variable with binomial data distribu-
tion) in nestboxes was analysed in R software v.
3.0.2 (R Development Core Team 2011) using
generalized linear mixed models (GLMM, Imer
function) with logit link function (McCullagh &
Nelder 1989). The unit of input data was each
independent breeding attempt. Year was fitted as a
random effect and laying date (calculated as the
number of days from 1 January in each year) as a
covariate. We used abundance indices of main
prey (Microtus and Myodes voles, Apodemus mice,
and pooled abundance of voles and mice) and
functional age of the nestbox (i.e. the length of
time a nestbox had remained in a given location)
as independent variables. We used forward selec-
tion of factors based on the Akaike information
criterion (AIC). First, we built a null model with
random factors only. Then we built alternative
models with tested factors (only one factor added)
and compared AIC values with the null model.
Finally, we added factors with the lowest AIC
value to the null model. Significant relationships
between abundance index of Apodemus mice and
the predation frequency based on GLMM analysis
were assessed by non-linear estimation in STATISTI-
CA software.

We conducted regressions between the annual
number of nests preyed upon (dependent variable)
and the number of nests available (independent
variable), the annual frequency of nest predation
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(dependent variable) and breeding frequency (i.e.
the number of nesting attempts per the number of
nestboxes available) (independent variables), as
well as between breeding frequency and the abun-
dance index of Apodemus mice, and Microtus and
Myodes voles and pooled rodent abundance as
independent variable, computed in STATISTICA soft-
ware v. 9.1. (StatSoft 2010).

RESULTS

The estimated index of abundance for different
prey groups varied between years; Apodemus mice
were the most abundant small rodent prey group
overall and had the most pronounced between-
year fluctuations (mean + se, 1.27 + 0.46 ani-
mals), followed by Myodes voles (0.65 + 0.27)
and Microtus voles (0.62 4 0.14) (Fig. 1). There
was significant 3-year periodicity in Apodemus
mouse fluctuations (P = 0.03, Fig. 2), but no peri-
odicity was found in Microtus (P > 0.230) or My-
odes voles (P > 0.223).

We recorded a total of 234 breeding attempts
by Tengmalm’s Owls over the period 1999-2012
(mean 16.7 4+ 1.5 nests per year) of which 119
were successful. In total, 60 nests (4.3 4 0.8 nests
per year) were predated by Pine Martens during
the 14 years of our study and 55 nests failed for
other reasons (abandoned during incubation or
failed due to food shortage).

The annual predation frequency reached
25.0 + 3.9% (Fig. 1). Predation on eggs domi-
nated (76.7%, n = 46) over predation on chicks
(23.3%). We did not record any case of Pine Mar-
tens killing the adult female Owl inside the nest-
box.

The annual number of nests predated by Pine
Martens was positively correlated with the annual
availability of Owl nests (B =0.56, F=5.65,
P =0.036; Fig. 3), but the annual frequency of
nests preyed upon was not correlated with Owl
breeding  frequency (B =0.074, F=0.07,
P = 0.80). The probability of nest predation (0/1)
was significantly affected by the abundance index
calculated for Apodemus mice (GLMM, df =1,
explained variability = 1.8%, F=4.75, P = 0.029,
means + se, non-predated nests: 1.17 + 0.13, pre-
dated nests: 0.61 4 0.14), but was not affected by
indices of abundance for Microtus and Myodes voles
or pooled rodent abundance, or by functional age
of the nestbox (based on AIC values these latter
factors were not supported for inclusion in the
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Figure 1. Population fluctuations of the main prey groups of Pine Marten estimated by June snap-trapping expressed as the num-
bers of individuals per 100 trap-nights (abundance index) and the annual predation rate of Tengmalm’s Owl nests during 1999-2012
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Figure 2. Results of autocorrelation analysis on population
fluctuations of Apodemus mice showing a significant 3-year
peak periodicity. Lines indicate 95% confidence intervals; stan-
dard errors are white-noise estimates.

model). The relationship between the annual fre-
quency of nest predation and the abundance index
of Apodemus mice was best described by a non-
linear hyperbolic function: predation frequency
= 75.04/(2.22 + Apodemus  mouse  abundance
index) (non-linear estimation, R = 0.58, Fig. 4).
The highest annual frequency of predation (> 25%)
was recorded during the years with an Apodemus
mouse index lower than 1 (Fig. 4).

We found no significant association between the
number of nesting attempts per available nestbox and
the abundance index of Microtus voles (B = -0.29,

Number of nests
predated by Pine Marten

Number of nests available

Figure 3. The relationship between the number of nests avail-
able in a given year and the number of nests predated by Pine
Martens during the period 1999-2012 ( = 0.56, F = 5.65,
P =0.036). In two years, we recorded the same value (indi-
cated by number beside the point).

F=1.07, P=0.320). These relationships were mar-
ginally non-significant for Myodes voles (B = —0.50,
F=4.02, P=0.068) and Apodemus mice (f=—
0.47, F = 3.48, P = 0.087). In the dataset pooled for
voles and mice, this relationship was close to being
significant (B = -0.53, F = 4.65, P = 0.052).

DISCUSSION

In agreement with the opportunistic predation
strategy of Pine Martens (our first prediction), we
found a clear relationship between the number of
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Nest predation frequency (%)

Abundance index of Apodemus mice

Figure 4. The relationship between the annual predation fre-
quency on Tengmalm’s Owl nests by Pine Martens and the
annual abundance index of Apodemus mice (individuals per
100 trap-nights) estimated by June snap-trapping. Data from
1999-2012. Non-linear estimation, R = 0.58, formula: preda-
tion frequency = 75.04/(2.22 + Apodemus mouse abundance
index). In two years, we recorded the same value (indicated
by number beside the point).

nests predated and the number of nests available
in any year. A similar relationship was found by
Dunn (1977) between predation by Least Weasels
Mustela nivalis and tit nest density. Vickery et al.
(1992) also suggested that nest predation by
Striped Skunk Mephitis mephitis on grassland birds
is opportunistic because of a positive relationship
between foraging activity of skunks and predation
rate, the absence of skunk foraging behaviour con-
sistent with active nest searching, and the absence
of a relationship between nest success and vegeta-
tion cover. However, we did not find a relation-
ship between nest predation frequency and
breeding frequency, suggesting that Pine Martens
foraged for owl nests at random. Moreover, we
found that Pine Martens preyed upon nests with
eggs more frequently than nests with chicks, sug-
gesting that owl nests are usually detected by Mar-
tens soon after egg-laying. Similarly, Sonerud
(1985b) documented a strong bias towards preda-
tion on Tengmalm’s Owl eggs (94%) rather than
nestlings in boreal areas. Collectively, we suggest
that these results can be explained by the opportu-
nistic nature of predation by Pine Martens.

In accordance with our second prediction, we
found that the probability of nest predation was
significantly affected by the abundance of Apode-
mus mice. Similarly, Jedrzejewski et al. (1993)
found that spring biomass of rodent prey in Pine
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Marten diet in Poland was related to the abun-
dance of Apodemus mice, but not to the abun-
dance of Myodes or Microtus voles. In our study
area, the proportion of Apodemus mice in the diet
of Tengmalm’s Owls increased with the abun-
dance of Apodemus mice (Zarybnickd et al. 2013)
and with the proportion of hunting habitat suit-
able to catch mice (Zarybnickd et al. 2015a); how-
ever, we found no such relationships for the
abundance of Microtus or Myodes voles. These
findings support the predictions of the alternative
prey hypothesis between a mammal predator and
a cavity bird nester, two predators that compete
for the same small mammal resource in temperate
areas. However, the functional response of Pine
Marten towards Tengmalm’s Owl nests was found
only during periods of Apodemus mice scarcity,
and it was emphasized when Apodemus mice
reached an abundance below one prey per 100
trap nights. To our knowledge, this is the first
study showing such a relationship for two preda-
tors feeding on Apodemus mice.

We found no relationship between the fre-
quency of nest predation by Pine Marten and func-
tional age of the nestbox (the length of time any
nestbox had remained in a given location), which
agreed with our third prediction. In contrast to
our results, Sonerud (1985b) found that predation
risk increases with age of the nestbox. It has been
shown that Pine Martens regularly search for food
through all habitats within their territories (Pere-
boom et al. 2008) and have long-term memory for
places and food caches, which can result in re-vis-
its of nestboxes found previously (Dow & Fredga
1983, Sonerud 1985b, 1989). They may also rest
in non-occupied Tengmalm’s Owl boxes during
the day and even raise their own young there
(Sonerud 1985a, M. Kouba & M. Zirybnickd un-
publ. data). These behaviours could lead to an
increased ability of Martens to detect owl nests
located in older nestboxes. We suggest the absence
of a relationship between age of the nestboxes and
predation rate in our study may be due to re-
location of some older boxes, particularly boxes
which had suffered nest predation on a previous
occasion.

As Tengmalm’s Owls breeding in Central Eur-
ope respond to Apodemus mouse abundance by
increasing the proportion of mice in the diet with
the abundance of mice in the field (Zarybnickd
et al. 2013), it could be expected that they would
also show a numerical response with an increase in



the number of nests in relation to increasing avail-
ability of mouse prey, which fluctuates in our
study site with a 3-year periodicity. Such relation-
ships often exist in northern latitudes between
predatory bird community and vole availability
(e.g. Korpimaki 1984, reviewed by Poulin et al.
2001). In Central Europe, however, these relation-
ships are not pronounced and other factors may
influence raptor densities (e.g. climatic conditions
or the availability of breeding sites; Kostrzewa &
Kostrzewa 1991). In agreement with this, we did
not find clear evidence of a numerical response of
nesting Tengmalm’s Owls (expressed as the num-
ber of nesting attempts related to nestbox avail-
ability) to prey abundance in the field. Numerical
responses for each prey separately were non-signif-
icant (Microtus voles) or marginally significant
(Myodes voles, Apodemus mice), while the rela-
tionship was nearly significant for pooled data for
all prey types. However, all regression coefficients
were negative (see also Zirybnickd et al. 2013).
Therefore, we do not consider these results evi-
dence of numerical response but rather an artefact
of several other influences in our population (e.g.
high overall predation frequency leading to
replacement broods). Despite the absence of a
relationship between owl breeding frequency and
food availability, the Central European owl popu-
lations respond to increased food availability by
having larger clutch sizes and increased reproduc-
tion output (Zarybnicka et al. 2013, 2015b).

Hakkarainen and Korpimaki (1994) found that
both male and female Tengmalm’s Owls defend
their nests with warning calls, beak snaps and
direct attacks against a caged American Mink Mus-
tela vison placed on the roof of the nestboxes.
However, under real life conditions, nest defence
by males is not likely because they spend most of
the daytime far from the nest (on average 626 m;
Kouba 2009), and during the night they are
actively hunting (also away from the nest); and
they increase their hunting effort during times of
food scarcity (Zarybnickd et al. 2009). Further-
more, during incubation and brooding, female
Tengmalm’s Owls leave the nestbox as soon as
possible when a Marten attacks their nest (Sone-
rud 1985a). In addition, Pine Martens have sub-
stantially higher body mass compared with
Tengmalm’s Owls. Based on the above, we suggest
that male or female Tengmalm’s Owls are not able
to defend nests against Pine Martens effectively,
leaving nests open to predation.
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We conclude that Pine Martens use nests of
Tengmalm’s Owls as an alternative food resource
when small mammals are scarce, even in Central
Europe where vole population cycles are not regu-
lar or as marked compared with Northern Europe
(Hansson & Henttonen 1985, Korpimiki et al.
2005). However, the functional response of Pine
Martens to Tengmalm’s Owl nests was found only
during periods of Apodemus mouse scarcity, sug-
gesting that these indirect food web interactions
can be less pronounced in temperate areas com-
pared with arctic and boreal biomes due to more
stable rodent populations and increasing prey
diversity with decreasing latitude (Zarybnicki et al.
2015b). Our results also document for the first
time that switching behaviour in a mammalian
predator can influence the breeding success of an
avian predator feeding on the same prey.
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Abstract

In altricial birds, energy supply during growth is a major predictor of the physical condition
and survival prospects of fledglings. A number of experimental studies have shown that
nestling body mass and wing length can vary with particular extrinsic factors, but between-
year observational data on this topic are scarce. Based on a seven-year observational
study in a central European Tengmalm’s owl population we examine the effect of year,
brood size, hatching order, and sex on nestling body mass and wing length, as well as the
effect of prey abundance on parameters of growth curve. We found that nestling body mass
varied among years, and parameters of growth curve, i.e. growth rate and inflection point in
particular, increased with increasing abundance of the owl’s main prey (Apodemus mice,
Microtus voles), and pooled prey abundance (Apodemus mice, Microtus voles, and Sorex
shrews). Furthermore, nestling body mass varied with hatching order and between sexes
being larger for females and for the first-hatched brood mates. Brood size had no effect on
nestling body mass. Simultaneously, we found no effect of year, brood size, hatching order,
or sex on the wing length of nestlings. Our findings suggest that in this temperate owl popu-
lation, nestling body mass is more sensitive to prey abundance than is wing length. The lat-
ter is probably more limited by the physiology of the species.

Introduction

In altricial birds, phenotypic characteristics of nestlings such as body mass and wing length can
affect sibling competition [1,2], nestlings’ survival [3,4] and at which age each individual
fledges [5]. During the post-fledgling period, the body characteristics affect fledgling survival,
behavioural performance and recruitment into the breeding population [6-8]. Energy supply,
which is determined by natural food availability and parental effort [9,10], is the main factor
determining individual fledglings’ body mass [3,4,11-13] and enhances feather growth [13-
15]. In species where asynchronous hatching seems to be an adaptation to unpredictable
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changes in food supply, the youngest nestling usually dies first due to its poor body condition
(i.e. brood reduction theory; [16-20]). This effect is more pronounced during food scarcity
[16,19,21]. Simultaneously, nestlings from enlarged broods usually reach a lower body mass
and shorter wings compared to those from smaller broods, due to increased sibling competi-
tion [22-25]. Moreover, the larger sex usually grows faster than the smaller sex and reaches a
higher body mass [26-29]. However, across bird species, particular factors can play different
roles. For example, the body condition of Montagu’s harrier Circus pygargus fledglings does
not vary according to sex and food abundance [30], the larger sex of marsh harrier Circus aeru-
ginosus nestlings has no reduction effect on the smaller sex [28], and brood size in common
grackles Quiscalus quiscula has no effect on nestling body mass [31]. Moreover, despite the rea-
sonable amount of existing experimental studies on the differential quantity and quality of
fledglings, observational studies remain scarce.

The Tengmalm’s owl Aegolius funereus is a nocturnal avian predator with a wide Holartic
breeding range [32], feeding mainly on voles in northern areas, and voles and mice in temper-
ate areas [33-36]. As in other raptors and owls, eggs are laid at an interval of 1-2 days, and
incubation begins after the first or second egg has been laid. Consequently, the nestlings hatch
asynchronously and the youngest nestlings usually suffer from a higher mortality risk due to a
combination of starvation and sibling aggression [32,37]. The nestlings stay on the nest usually
32 days (range 27 — 38 days) from hatching [5]. In Tengmalm’s owl, reversed size dimorphism
reaches approximately 30-40% in terms of body mass during the breeding season due to female
body reserves for egg production and successful incubation, although the difference is only 4%
in body mass and 2.5% in wing length outside the breeding season [38,39]. Hipkiss et al. [3]
found that female nestlings in northern populations attained 5% higher asymptotic mass than
males, and that experimentally fed nestlings were heavier than control nestlings, suggesting
that the females’ larger size gave them a competitive advantage against their male siblings dur-
ing food scarcity. On the other hand, Kouba et al. [5] demonstrated that wing length is impor-
tant measurement of individual quality in Tengmalm’s owl young because it determines the
duration of the nestling period (i.e., duration of stay of individual nestlings at the nest
box from hatching to fledging). However, between-year observational data on this topic are
scarce, as well as no long-term study has focused on the effect of extrinsic factors such as prey
abundance, brood size, hatching order, and sex on body mass and wing length in nestlings of
raptors in general and Tengmalm’s owl in particular.

In this study, we analyse a seven-year observational data on nestling conditions from a central
European population of the Tengmalm’s owl. Specifically, we examine the effect of year, brood
size, hatching order, and sex on nestling body mass and wing length, as well as the effect of prey
abundance on parameters of growth curve. We hypothesise that (i) body mass and wing length
of nestlings (controlled for age) vary among years due to between-year variation in prey abun-
dance, and growth parameters (i.e. asymptote, inflection point, and growth rate) increase with
prey abundance, (ii) nestlings in smaller broods, as well as (iii) early-hatched brood-mates, attain
a higher body mass and wing length (both controlled for age) than nestlings in larger broods and
later-hatched brood-mates, and (iv) females attain a higher body mass than males, but not longer
wings. To support our results, we also compare main growth parameters (asymptote, inflection
point and growth rate) among years, hatching order groups and sexes.

Materials and Methods
Ethics statement

The project (evaluating small mammal abundances and handling with Tengmalm’s owl chicks)
was approved by the Ministry of the Environment of the Czech Republic (permit No. 35016/
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02-O0P/8751/02, 530/758 R/08-Abt/UL, 01220/LP/2008, and 48429/ENV/14-2831/630/14).
Owl chicks were handled and ringed under the Ringing Centre of the National Museum in
Prague permit No. 329 and 942. Maximum effort was made to reduce handling time.

Study area

The study was conducted in the northern part of the Czech Republic (50°N, 13°E), on the Ore
Mountain plateau (elevation: 730-960 m a. . 1; area: ca 100 km?), from 2006 to 2014, except
2007 (blood of nestlings not available) and 2013 (no nestlings hatched). The study site is charac-
terized by a mosaic of small patches of mature Norway Spruce Picea abies forests, fragments of
young secondary forests, and open areas with no trees; such a pattern resulted from significant
impacts of air pollution towards the end of the 20th century (for details see [40]). In this study
site, Tengmalm’s owls breed mainly in nest boxes (> 90% of breeding pairs), as naturally occur-
ring cavities for nesting are scarce [40]. The nest boxes were evenly distributed within the study
area, and their numbers varied between 116 and 212 (mean + SE; 159.3 + 11.5) in different years.

Field procedures

Each year, all nest boxes were inspected from the onset of the breeding period (late March) to
the end of the breeding period (July) in intervals of one to three weeks to detect new breeders.
Nest boxes found to be occupied were subsequently revisited at a sufficient frequency to assess
the number of eggs, hatchlings and hatching date (+ 1 day). During the study period of 2006—
2014 (except 2007 and 2013) we found a total of 116 nesting attempts from which 301 nestlings
hatched. We weighed, measured and identified the sex of a total of 137 nestlings from 43 nests
(Table 1). Owl nestlings were measured at age from 1 to 42 days after hatching (n = 418 mea-
surements). Each nestling was measured and weighted on average 3.1-times (SE = 0.1, n = 137
nestlings) during its stay on the nest. The body mass and wing length of the nestlings were
measured usually at intervals between one to two weeks. The nestlings were mostly identified
according to their rings. When they were too small to be ringed, they were identified according
to colour marks under wings or on legs. Number of measurements was during early phases of
ontogeny lower compared to late phases (mean chick age during measurement was 21.4 days,
SE = 0.4). This was a consequence of tactful research approach during early phase of nestling
ontogeny when female often exhibit disturbed behaviour, especially during cold days. Blood
samples for molecular sexing (see below) were taken from each nestling by brachial vein punc-
ture under the wing, around 14-21 days after hatching.

Prey abundance
The abundance of small mammals was assessed using snap-traps (baited with flour roasted on

bacon). Trapping was carried out at the beginning of June each year by setting up snap-traps in

Table 1. Prey abundance index (expressed by number of trapped individuals per 100 trap nights) of separate prey groups, number of nests and
number of nestlings measured in each study year. Means (per one hectare trapping area or nest) + SE are shown.

Year Apodemus mice Microtus voles Sorex shrews Pooled prey abundance No. nests No. nestlings per nest
2006 0.00 0.28 £0.16 0.00 0.28 £0.16 9 3.33 £0.29
2008 0.64 £ 0.24 0.09 £ 0.09 0.18+£0.18 0.92+0.37 6 3.17 £ 0.48
2009 0.28 £ 0.00 0.64 £0.24 0.00 0.92+0.24 7 2.00 £ 0.22
2010 3.49 £+ 1.30 1.93 + 0.64 0.09 £ 0.09 5.51 +£1.88 6 5.83+0.75
2011 0.00 0.18 £0.09 0.00 0.18 £ 0.09 5 2.00 £ 0.55
2012 1.56 + 0.60 0.28 +0.16 0.28 £ 0.16 2.11+£0.72 2 5.00 £ 0.00
2014 0.28 £ 0.28 0.09 £ 0.28 0.09 +0.09 0.46 £ 0.24 8 2.38 £ 0.46

doi:10.1371/journal.pone.0138177.t001
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three one-hectare areas (11 x 11 trap grid; span of 10 m). The traps were left out for three days
and checked every morning. We calculated the abundance index of small mammals as the
number of captured individuals per 100 trap nights in each trapping area. All captured mam-
mals (n = 186 individuals, 7 years) were identified to species level and grouped into three prey
categories according to the Tengmalm’s owl diet: Microtus voles (field vole M. agrestis, com-
mon vole M. arvalis and European pine vole M. subterraneus), Apodemus mice (yellow-necked
mouse A. flavicollis and wood mouse A. sylvaticus), and Sorex shrews (common shrew S. ara-
neus and pygmy shrew S. minutus) (for details see [34,41]).

Laboratory work

Sex identification from blood samples was carried out using molecular biology techniques
involving PCR with primers related to the CHD gene [42]. Genomic DNA from blood samples
was extracted by alkaline lysis following a neutralization step [43]. A small amount (3-5 pl) of
blood suspension in 96% ethanol was briefly spun down, alcohol was decanted and samples
were dried out at room temperature. Into each sample, 50 pl of alkaline lysis buffer (25 mM
NaOH, 0.2 mM disodium EDTA, pH 12) was added and heated to 96°C for 10 min. The sam-
ples were then cooled down on ice and 50 pl of neutralization buffer (40 mM Tris-HCI, pH 5)
was added. As a template for PCR, 1-2 pl of mixture was used. Alternatively, the Chelex100
Resin (BioRad) DNA extraction method can also be used [44]. The 150 pl of 5% Chelex100
solution in sterile water was mixed in a microcentrifuge tube with the blood sample, briefly
vortexed and incubated at 56°C for 30 min. After another vortexing followed an 8 min incuba-
tion step at 96°C, and samples were then vortexed again. The final step was centrifugation at 10
000 g for 10 min. The supernatant was directly used as a template for PCR. Each PCR reaction
was performed in 20 pul. We used the primers 2550F(5'-GTTACTGATTCGTCTACGAGA-3")
and 2718R (5-ATTGAAATGATCCAGTGCTTG-3'), as described by Fridolfsson and Ellegren
[42]. The PCR mastermix was prepared according to the Taq DNAPolymerase (NewEngland
Biolabs) manufacturer’s guidelines. The PCR conditions were optimized to initial denaturation
for 5 min at 95°C, followed by 29 cycles of denaturation at 95°C for 30 s, annealing at 60°C for
40 s, an extension at 72°C for 1 min 10 s, and a final extension at 72°C for 5 min. At the end of
the PCR program, the amplified samples were loaded into wells on agarose gel (1% w/v) stained
with ethidium bromide. Bands along the DNA molecular marker were detected and photo-
graphs taken under UV light. In Tengmalm’s owl, this pair of primers produces a single Z-
band (700 bp) in males, and Z- (700 bp) and W- (1200 bp) bands in females [45].

Statistical analyses

We ran GLMM Gaussian models with an identity link function for testing the effect of (i) year,
(ii) brood size, (iii) hatching order and (iv) sex on body mass and wing length (dependent vari-
ables) data using R software, version 3.02 [46]. The distribution of dependent variables did not
differ from the Gaussian distribution (Kolmogorov-Smirnov tests, P at least 0.4). A data unit
was represented by each measurement; we used nestling individual (n = 137 individuals; cate-
gorical data) and nest (n = 43; categorical data) as random factors, and age of nestling (1-42
days; continuous data) as a covariate. Hatching order (1-2, 3-4, 5-8; categorical data), sex
(male/female; categorical data), brood size (1-8; continuous data) and year (n = 7; categorical
data) were used as independent (tested) variables. We used factor year in GLMM analysis
instead of direct prey abundances to eliminate pseudoreplications and more detailed analyses
on our first prediction are described below. We used the following model formula: Imer
(dependent variable ~ age of nestling + tested factors + (1| nestling individual) + (1|nest box)).
Statistical significance was obtained by comparing each model with previous model using the
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anova command, starting with comparison of first model with factor with null model without
factors. We used forward selection, factors were added to the model based on Akaike’s infor-
mation criterion (AIC) using Akaike’s weights. Percentages of variability explained by the
tested factors were computed as the ratio between decrease of deviance of each model and pre-
vious model. We also show the values of the Chi-squared statistic. Because body mass was not
meaningful to show standing alone, we present results of above mentioned analysis as body
mass increase per day (g/day). Post-hoc comparisons of changes in daily increase of body mass
among years and hatching order categories were calculated in R software using glht function.

To support above mentioned models, we also calculated growth and showed parameters for
each year, hatching order group and sex using logistic growth curves fitted by non-linear
regression based on the formula y=A /(1 + e A (=K x (x — T})) (Starck and Ricklefs [47],
where y is nestling body mass, x is nestling age, A is an asymptotic—maximal—value, K is
growth rate, and T; is the inflexion point). Iterations were carried out using non-linear estima-
tion in Statistica v. 12. 9 [48]. Using this software, we also calculated linear regressions for par-
ticular relationships between the above-mentioned parameters of the growth curve and prey
abundance (Microtus voles, Apodemus mice, and pooled prey abundance index, which
included Microtus voles, Apodemus mice and Sorex shrews). We present all relevant data used
in the analyses in (S1 Dataset).

Results

The abundance index of the most frequent prey groups of Tengmalm’s owl in our study area
varied among years: Apodemus mice were the most abundant prey group overall and had the
most pronounced between-year fluctuations (mean + SE; 1.14 + 1.57 individuals per 100 trap
nights), followed by Microtus voles (0.48 + 0.59 individuals per 100 trap nights), and Sorex
shrews (0.14 £ 0.18 individuals per 100 trap nights) (Table 1).

We found that nestling body mass, controlled for age, significantly varied among study
years, hatching order groups and sexes (Table 2). Daily increase of body mass among years var-
ied between 4.4 and 6.5 (mean + SE, 5.4 + 0.2, Post-hoc Tukey test, minimal p < 0.01 between
maximum and minimum in the years 2008 and 2011, respectively). Within a brood, the older
nestlings reached a larger daily body mass increase (min-max: 5.2-5.5, mean + SE; 5.4 + 0.1,
Post-hoc Tukey test, minimal p = 0.07 between first and last age categories). Body mass
increase was higher in females compared to males (5.7 £ 0.1 and 5.2 + 0.1, respectively). These
results can be also supported by comparing growth parameters between above mentioned cate-
gories; early hatched young showed higher asymptote and inflexion point, and lower growth
rate than late hatched young (Table 3). Similarly, females reached higher asymptote and inflec-
tion point, and lower growth rate than males (Table 3). After hatching (1-3 d after hatching),
females were on average 2.1 g (n = 11 individuals) heavier than males, and they were also 8.2 g
(n = 52 individuals) heavier during the fledging period (i.e., 30-36 d after hatching; Fig 1).
Brood size was not recommended to be added to the model using the AIC criterion. Similarly,

Table 2. Effects of the tested factors on nestling body mass, based on Gaussian GLMM models with
nestling age as covariate and nestling individual and nest as random factors (n = 137 nestlings from
43 broods). Explained variability is shown in cumulative way.

Model Explained variability (%) DF Chi p
Mass ~ Year 0.6 236 241 <0.01
Mass ~ Year + Sex 0.7 235 7.3 <0.01
Mass ~ Year + Sex + Hatching order group 0.9 233 8.3 0.02

doi:10.1371/journal.pone.0138177.t002
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Table 3. Parameters of the growth curve for Tengmalm’s owl nestlings related to year, hatching order and the sex of nestlings. The asymptote
(maximal body mass), inflection point and growth rate are shown (n = number of nestlings measured; n,, = number of measurements).

Asymptote (g) Inflection point (days) Growth rate n Ny
Hatching order
1-2 131.7 10.1 0.24 80 229
34 126.9 9.6 0.23 41 137
5-8 123.6 9.4 0.28 16 52
Sex
Female 134.6 10.1 0.22 62 195
Male 124.8 9.6 0.27 75 223
Year
2006 135.0 9.8 0.21 30 100
2008 150.4 10.8 0.23 19 26
2009 142.7 11.1 0.20 14 42
2010 125.8 13.5 0.78 35 116
2011 115.4 11.1 0.26 10 28
2012 123.7 14.3 0.45 10 32
2014 130.1 10.7 0.25 19 74

doi:10.1371/journal.pone.0138177.t003

no factor was recommended to be added to the model when nestling wing length was a depen-
dent variable.

Further analyses on growth parameters showed that growth rate was positively correlated
with Apodemus mouse index (regressions, n = 7 years: beta = 0.979, F = 114.25, p < 0.01; Fig
2A), Microtus vole index (beta = 0.862, F = 14.464, p = 0.01; Fig 2B) and pooled prey abun-
dance index (beta = 0.980, F = 119.94, p < 0.01; Fig 2C). Inflection point was positively corre-
lated with Apodemus mouse index (beta = 0.799, F = 8.818, p = 0.03; Fig 2D) and pooled prey
abundance index (beta = 0.864, F = 14.764, p = 0.01; Fig 2F). No relationship was found
between inflection point and Microtus vole index (beta = 0.521, F = 1.862, p = 0.23; Fig 2E) or
Sorex shrew index (beta = 0.645, F = 3.556, p = 0.12), nor growth rate and Sorex shrew index
(beta = 0.314, F = 0.546, p = 0.50). Finally, the yearly asymptote of body mass was not related
to the abundance of any prey group index (Apodemus mice, beta = —0.22, F = 0.244, p = 0.64;
Microtus voles, beta = —0.16, F = 0.14, p = 0.73; Sorex shrews, beta = 0.058, F = 0.017, p = 0.90;
pooled prey abundance index, beta = —0.30, F = 0.486, p = 0.52).

Discussion
Body mass

In accordance with our first hypothesis, we found that the body mass of nestlings controlled
for age varied among years. Simultaneously, the yearly growth rate and inflection point
increased (i.e., nestlings grew faster and for a longer period) with increasing prey abundance
index. This effect was most pronounced during the peak years of Apodemus mice and Microtus
voles. No relationship was found between the asymptote of nestling body growth (i.e. maximal
nestling mass) and prey abundance index. Eldegard & Sonerud [10] documented that supple-
mental feeding led to parental allocation of food for self-maintenance rather than to higher
body mass of Tengmalm’s owl nestlings. On the other hand, Hipkiss et al. [3] showed that the
asymptote of Tengmalm’s owl nestling body mass increased in experimentally fed broods, but
no relationship was found between the rate of mass gain and food supplementation. In this
light, Kouba et al. [49] demonstrated that Tengmalm’s owl parents produced nestlings with
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Fig 1. Relationships between the growth rate of Tengmalm’s owl nestlings and prey abundance index (number of individuals per 100 trap nights)
of Apodemus mice (a), Microtus voles (b) and index of pooled prey abundance (c), and the relationship between the inflection point of Tengmalm’s
owl nestlings and prey abundance index of Apodemus mice (d), Microtus voles (e) and index of pooled prey abundance (f). Lines denote curves

fitted by regression.

doi:10.1371/journal.pone.0138177.g001

different body mass during a two-year period with extremely different prey abundance (Apode-
mus mouse peak compared to a poor rodent year), but Valkama et al. [16] found that the body
condition (expressed by residuals of the regression between body mass and wing length) of
fledged Tengmalm’s owlets was not associated with the phase of the vole cycle. Similarly incon-
sistent results were documented in other owl species, e.g. supplementary food resources have
been found to affect the growth rate of little owl Athene noctua, burrowing owl Athene cunicu-
laria or Ural owl Strix uralensis nestlings [4,12,19], however, the body condition of Montagu’s
harrier Circus pygargus during fledging (expressed by the difference between measured body
mass and the asymptotic body mass) did not vary according to vole cycles [30]. We suggest
that the body mass of the Tengmalm’s owl nestlings in a temperate areas varies under natural
prey abundance, but other factors, such as clutch size adjustment by females [50,51], the feed-
ing effort of males [52,53], or variable environmental conditions (e.g. the night length which
can limit foraging time of owls, as well as the level of interspecific competition with other vole-
eating predators [50,54]), may play important roles.

The body mass of nestlings can be affected by brood size. For example, Eurasian kestrel
Falco tinnunculus nestlings showed increased mortality and reduced growth rate when broods
were experimentally enlarged, even when parents increased their hunting effort [22]. Similarly,
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Fig 2. Logistic growth curve for body mass of male (n = 75 individuals) and female (n = 62 individuals) Tengmalm’s owl nestlings. Open circles and
black line represent males; filled circles and grey line represent females. Formula for females: y = 134.62/ (1 + e* (-0.22 x (x — 10.19))); formula for males:
y=124.80/(1 + e (-0.27 x (x — 9.61))).

doi:10.1371/journal.pone.0138177.9002

experimental brood enlargement in barn owl Tyto alba led to increased nestling mortality and
decreased body mass of the surviving male and female nestlings [24]. Also, in a northern popu-
lation of Tengmalm’s owl, nestlings in larger broods suffered from higher mortality and fledg-
lings from larger broods tended to reach a lower mass than those in reduced or control broods
[16,55]. We found no effect of brood size on nestling body mass in the natural environments of
this temperate Tengmalm’s owl population, thus rejecting our second hypothesis. Tengmalm’s
owl females in temperate areas adjusted their clutch size better than females in northern areas,
where prey availability is less predictable, which can lead to a clutch size larger than optimal
and increased nestling mortality [50]. In light of the mentioned effect of latitude, we suggest
that no effect of brood size on nestling body mass was found in our study population because
females adjusted their clutch and brood size depending on prey availability.

In agreement with our third hypothesis, we found that early-hatched nestlings reached a
larger body mass, and showed higher asymptote and inflection point, compared to late-hatched
nestlings. Similarly, in Montagu’s harrier, Arroyo et al. [30] found the poorest fledgling condition
in the youngest nestlings. Also, in other owl species (e.g., little owl, burrowing owl, Ural owl),
hatching order has been found to affect growth rate [4,12,19]. In our study, late-hatched nestlings
suffered from poor body condition, supporting that hatching asynchrony in Tengmalm’s owl is
an adaptive way to optimize brood size under varying environmental conditions (see also [16]).

In keeping with our fourth hypothesis, we found that female nestlings reached a higher
body mass than male nestlings during their time in the nest, and thus a higher asymptote and
inflexion point was found in females compared to males. This finding corresponds with the
results of Hipkiss et al. [3], who suggested that the female’s larger size gives them a competitive
advantage over their male siblings during fights over food items [56].

Wing length

Despite adult female Tengmalm’s owls having slightly longer wings than males, no male-female
difference in wing length was found in nestlings. Similarly, in marsh harrier Circus aeruginosus,
Krijgsveld et al. [28] found no difference between the sexes in wing length, although female
fledglings were heavier than males. Our results also agree with the finding of Hipkiss et al. [3]
that juvenile Tengmalm’s owl females require more time to fully develop their wings than
males. Furthermore, we found no effect of year, brood size, hatching order or prey abundance
index on the wing length of nestlings. These findings are in contrast to the two-year study per-
formed in the same study area by Kouba et al. [49], in which owl parents produced nestlings
with longer wings during an Apodemus peak year (2010), compared to a poor rodent year
(2011). In our seven-year dataset (20062014, excluding 2007 and 2013), we recorded no
occurrence of extremely high prey abundance, except in one year (2010). The disunity of these
results indicates that wing length can differ under extremely different food conditions, but the
differences are not pronounced when food availability is relatively stable. This finding is quite
unexpected, because the individual duration of nestling periods is related to wing length rather
than body mass, sex, prey abundance index or weather conditions [5].

Conclusions

No factor affected wing length growth, while the body mass of nestlings controlled for age var-
ied among years, hatching order groups and sexes. Growth parameters were affected by prey
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abundance and also differed between sexes and with hatching order. Thus, the body mass of
nestlings seems to be more sensitive than wing length to environmental factors. The latter is
probably controlled more by the physiology of the species.
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