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Uvod

Predace je jednou z hlavnich pfic¢in mortality u volné Zijicich populacich (Ricklefs 1969, Martin
1993 Caro 2005) a pilisobi proto jako dilezité selekéni agens s hlubokymi ekologickymi a
evoluénimi konsekvencemi (Martin & Li 1992, Bosque & Bosque 1995, Martin & Clobert 1996,
Martin et al 2000a, Nosil & Crespi 2006). Prace, kterou predkladam je souborem publikaci,
zabyvajicich se riznymi aspekty predace, antipredacnimi adaptacemi (Kreisinger & Albrecht 2008)
a rizikem predace v souvislosti s mikrohabitatovymi preferencemi kofisti (Albrecht et al 2006)
pocinaje, a ekologickymi pfi¢inami a dusledky prostorové distribuce predatori v elementech
krajiny, fragmentované intenzivnim zemédélstvim konée (Salek et al. in press, Svobodova et al.
submitted).

VétSina téchto publikaci v rizné mife a riizném tihlu narazi na problematiku predace ptacich hnizd,
které jsou jednim z dilezitych modelovych systémi pro studium obecnych aspektll predace.
Diivodt pro zajem o tuto problematiku je nékolik. Hnizdni predace dosahuje u vétSiny druhti ptakt
fadove desitek procent (Rickefs 1969, Martin 1993, Martin & Clober 1996), a patii tak k hlavnim
faktorim limitujicim jejich reprodukéni tispéSnost. Z toho vyplyva i zna¢ny evolucni potencial
ovliviiujici mnoho aspekti ptaci biologie. Napfiklad, mezidruhova variabilita v riziku hnizdni
predace se piimo nebo nepiimo odrazi v evoluci /life histories a fadé aspektl reprodukcni biologie s
tim souvisejicich (Arnold et al 1987, Martin et al. 2000a Martin & Li 1992, Bosque & Bosque
1995, Remes & Martin 2002). Riziko hnizdni predace ovliviiuje i evoluci celé fady antipredacnich
adaptaci (viz Montgomerie & Weatherhead 1988, Caro et al 2005 pro vycerpavajici review).
Nezanedbatelné vSak nejsou ani dusledky problematiky hnizdni predace pro ochranu biodiversity.
V souvislosti s antropogennimi zménami v uspoiadani krajiny (fragmentace biotopl, zvySovani
podilu okrajovych biotopti, urbanizace a rozvoj suburbii) dochazi ke kvantitativnim a kvalitativnim
zménam ve slozeni fauny predatorti a ke zménam v jejich prostorové distribuci (Cooks & Soulé
1999, Ryall & Fahrig 2006, Didham et al 2007). To mize mit dalekosahlé disledky na populace
ptakt a prispivat tak spolu s dalSimi faktory k popula¢nim poklesim nebo dokonce lokalnim
extinkcim nékterych druhti (Robinson et al. 1995, Fahrig 2003, Schmidt 2003). Mechanistické
pozadi téchto komplexnich biotickych interakcich vsak ziistava stale dosti nejasné (viz. Chalfoun et
al. 2002, Ryall & Fahrig 2006).

V nasledujicich odstavcich je $iteji diskutovano teoretické a empirické pozadi nékterych aspektt
predace a antipredacnich strategii, které souvisi s vysledky publikaci obsazenych v této praci.
Jednotlivé ¢asti ivodu jsou ¢lenény pseudoredukcionisticky, od popisu procestt determinujicich
pattern predace v méfitku krajiny, az po studie zabyvajici se vlivem konkrétnich antipredacnich

strategii na hnizdni Gspésnost u jednotlivych druhti (Albrecht et al. 2006, Kreisinger & Albrecht



2008). Naproti tomu, fazeni jednotlivych kapitol v hlavni ¢asti prace odpovida subjektivnimu
ohodnoceni mého osobniho vkladu do nich.

Jako apendix pfikladam dvé prace (Albrecht, Kreisinger & Pialek 2006, Albrecht et al. 2007)
zabyvajici se tématem, které je také objektem mého pomérné intenzivniho zajmu, a to

problematikou evoluce mimoparovych paternit u ptaki.
1. Vliv struktury krajinny a krajinych elemetii na distribuci preddtorit a riziko hnizdni predace

Slozeni krajiny proslo v poslednich nékolika desetiletich az stoleti (v zavislosti na geografické
lokalizaci) dramatickymi zménami diky zvySené intenzité a pozménénému zplsobu jejiho
vyuzivani Clovékem. Jednim z dasledkt téchto zmén je fragmentace piivodnich typt habitatl na
mensi celky a snizovani konektivity téchto fragment (Fahrig 2003). Soucasné s tim dochazi ke
zvétSovani rozlohy habitatli, které jsou v disledku intenzivniho vyuzivani pro nékteré druhy
nevhodné (tzv. matrix). Populacni tbytek v dusledku ztraty vhodnych biotopd mize byt jeste
zesilen diky emergentnim procestim které jsou s fragmentaci krajiny pfimo spojeny. Napiiklad se
snizovanim konektivity jednotlivych subpopulaci v disledku fragmentace vhodnych biotopt
vzristd riziko ztraty genetické diversity a inbredni deprese (Frankham 2005). Malé subpopulace
jsou navic vystaveny vyssimu riziku lokani extinkce v disledku stochastickych procest (Hilty et al.
2006). Ztrata konektivity miize mit negativni disledky i na men$im méfitku nez je méfitko
(sub)populaci. Udrzeni konektivity populaci a potazmo i biotopt které¢ tyto druhy vyuzivaji byva
proto povazovano za jednu z priorit ochrany biodiversity (Hilty et al 2006).

Castou praktickou aplikaci konceptu konektivity je budovani koridorti které umoziuji efektivngjsi
rizny, od lokalniho méfitka, az po snahy o udrzeni konektivity v ramci celého kontinentu (Passeo
Pantera Project; www.afn.org/~wcsfl/pp.htm, Y2Y project; www.y2y.net). Pies pifimocarost teorii
které stoji v pozadi téchto snah (Brown & Kordic-Brown 1977) je jejich efektivita, vzhledem k
vynalozenym finan¢nim nakladiim, ¢asto zpochybniovana. Relevantni data, ktera by dokladala vliv
koridorii na zivotaschopnost populaci vétSinou chybi. V ur€itych ptipadech mohou mit koridory i
negativni disledky na populace, které¢ by mély byt pfedmétem jejich ochrany (detailni diskuse viz
Hilty et al. 2006). To jsou také asi dva hlavni diivody pro¢ zajem o problematiku koridorti neustale
stoupd (linearni korelace mezi poctem clankti podle Web of Science obsahujicich slova
»corridor(s)* a ,,ecology* v nazvu, abstraktu nebo klicovych slovech a rokem publikace (od roku
1991 do 2008); F(p.16)= 46.20, p < 0.0001, R* = 0.743)

Nase prace "Corridor versus hayfield matrix use by mammalian predators in an agricultural
landscape" (Salek et al.: Agriculture, Ecosystems and Environment in press) ukazuje, e savéi
mezopredatoii siln€ preferuji linearni pasy vzrostlé vegetace pred pravidelné kosenymi loukami.

Tento krajiny prvek tak miize v lokalnim méfitku zvySovat konektivitu habitatl vyuZzivanych



nekterymi sttedoevropskymi druhy Selem v krajiné, kde prevlada zemédé€lska matrix, a poskytovat
pro n¢ vhodny biotop. Na rozdil od jinych studii (Laurance and Laurance 1999, Hilty and
Merenlender 2004) ale nebyl na zaklad¢é naSich dat prokazan vliv charakteru vegetace v koridoru
(pokryvnost kefového a stromového patra a Sitka koridoru) na vyskyt cilovych druhi.
Zivotaschopnost populace nemusi byt ovlivnéna pouze faktory které pfimo vyplyvaji z ubytku
vhodnych habitatt a jejich fragmentace biotopt (tzv "single species model", Ryall & Fahrig 2006,
zména mezidruhovych interakci v dusledku fragmentace krajiny (Didham et al. 1996, Ryall &
Fahrig 2006). Konkrétni populace muze naptiklad profitovat z lokalni extinkce predatora v
dasledku fragmetace, ktery je habitatovy specialista a vyzaduje vét§i home range nez jeho kofist
(Ryall & Fahrig 2006). Na druhou stranu extinkce specializovanych predatort miize uvolnit niku
vyrazn¢jSim efektem na populace kofisti (tzv. "mesopredator realase hypothesis", Crooks & Soule
1999, Smith 2003).

Jednim z dusledkti téchto mezidruhovych interakci miize byt tzv. okrajovy efekt. V kontextu
hnizdni predace to znamena zvySeni rizika predace snisky v okrajovych partiich biotopi v
porovnani s jejich interiorem (Andren & Angelstam 1988). Ptes jistou nekonzistenci vysledki byl
vliv okrajového efektu potvrzen celou fadou studii provedenych v riznych geografickych oblastech
(Chalfoun et al. 2002). Okrajovy efekt mlze negativné ovliviiovat reprodukéni tspé$nost fady
druht zijicich ve fragmentované krajiné (Schmidt 2003). Mechanistické pozadi zvyseného rizika
predace v biotopovych rozhranich je pomémé nejasné, ale predpoklada se, ze vznika disledkem
prostorové distribuce zdroji vyuzivanych predatory (Ries et al. 2004, Ries & Sisk 2004).

Ve studii "The test of mechanistics explanation for mammalian predator responses to habitat
edges" (Svobodova et al.) je testovan predpoklad, ze distribuce sav¢ich mezopredatorti podél okraje
mezi loukou a sekundarnim lesem je ovlivnéna distribuci drobnych hlodavci, kteti predstavuji
vyznamnou slozku jejich diety (Goszczynski 1986, Lanszki and Heltai 2007). Data presentovna v
této praci vSak nepfinasi pfesvéd¢ivou podporu pro toto hypotézu. Distribuce sav¢ich predart podél
okraje téchto biotopli vykazovala zna¢nou mezisezonni variabilitu. Zatimco v prvnim roce studia
nebyly zaznamenany zadné preference pro okrajové struktury, v roce nésledujicim byla distribuce
predatori v habitatovém rozhrani nékolikanasobn¢ vys$$i nez v interioru lesa nebo louky.
Abundance drobnych hlodavci byla pétinasobné vyssi v druhém roce nez prvnim, avsSak
prostorovy gradient jejich distribuci nevykazoval konzistentni pattern s gradientem v distribuci
Selem. V interioru lesa a lesnich okrajich byly zaznamenany dvakrat vyssi pocCetnosti hlodavcl nez
v interoru a okraji louky. Okraj lesa pfitom vykazoval marginalné nesignifikantné vyssi abundance
nez zbylé tii typy biotopt (okraj louky a interor lesa a louky). I kdyz ponékud vyssi pocty hlodavcta

na lesnich okrajich mohou do jisté miry ovlivnit preference selem pro tyto biotopy, hlavné v letech



s vysokymi popula¢nimi hustotami mys$i, distribuce hlodavet podél okraje louka/les neposkytuje v

sttedoevropskych podminkach dostate¢né vysvétleni pro vznik okrajového efektu.

2.Vliv antipredacnich strategii na riziko hnizdni predace

Nasledujici text se bude vhledem k Sifce tématu zabyvat pomérné tésné pouze témi aspekty hnizdni
predace a antipredacnich strategii, které tématicky souvisi s predkladanymi pracemi (Kreisinger &
Albrecht 2008, Albrecht et al. 2006). Pokus o vycerpavajici review této problematiky by pouze

suploval jiz existujici excelentni prace na dané téma (naptiklad Ruxton et al 2004, Caro 2005).

Vyber hnizdniho habitatu a riziko predace snusky: Umisténi hnizda a charakter mikrohabitatu v
jeho okoli Casto determinuje pravdépodobnost jeho predace (Kuehl & Clark 2002, Zanette &
Jenkins 2000, Martin 1993, Martin & Roper 1988, Clark & Shutler 1999). U tfady druht proto
existuji mechanismy které vedou k nenahodnému umisténi hnizda vzhledem k charakteru okolniho
habitatu, ¢imz je riziko jeho predace snizeno (Martin & Roper 1988, Martin 1993, Badyaev 1995,
Clark & Shurler 1999, Wiebe & Martin 1998, Smith et al. 2007, Lloyd et al 2000).

Vybér umisténi hnizda vSak neni vzdy vyladén tak, aby bylo riziko predace snisky minimalizovano
(Clark & Shutler 1999, Remes 2003). Na rozhodnuti o umisténi hnizda se mize podilet i fada
dalsich selek¢nich faktort, které nemusi ptisobit konzistentné s enviromentalnim gradientem v
riziku predace sntisky. Mikrohabitat, kde je riziko predace sntisky malé, mize byt napiiklad spojen
se zvySenym rizikem predace inkubujiciho rodi¢e (Wiebe & Martin 1998, Miller et al. 2007) a
nebo suboptimalnimi teplotnimi parametry pro inkubaci snisSky (Shutler et al. 1998, Amat &
Masero 2004).

Riziko predace je navic pomémé dynamicky proces ovlivnény kratkodobymi zménami v
abundancich hnizdnich predatord a distribuci a abundanci alternativnich typd kofisti (Ackerman
2002, Schmidt et al. 2008). Lze tedy ocekavat pomérné omezenou odpovéd na kratkodobé
fluktuace v predac¢nim tlaku zplsobené témito faktory (ale viz napt Fontaine & Martin 2006).
Navic vybér umisténi hnizda mtize reflektovat spiSe selekéni tlaky které jej optimalizovaly v
evolu¢ni historii, avSak které upln¢ neodpovidaji aktualnimu sméru selekce (Clak & Shutler 1999).
S timto souvisi i koncepce ekologické pasti (“ecological trap*, Ratti and Reese 1988, Schlaepfer et
al 2002), tj. v kontextu hnizdni predace maladaptivni preference novych nebo neptivodnich, ¢asto
antropogenné vzniklych biotopti, kterymi se dany druh ve své evolucni historii nemél moznost
setkat. Preference téchto biotopl vyplyva ze skuteCnosti, ze jejich charakter, jako naptiklad
struktura vegetace, vykazuje urcité znaky, které v ptivodnich biotopech poskytovaly relevantni
informaci o pravdépodobnosti hnizdni predace, a proto slouzily na proximatni urovni k
adaptivnimu vybér umisténi hnizda. AvSak v novych typech biotopld tyto znaky relevantni

informaci o riziku predace neposkytuji (napt. Remes 2003).



Hnizdici jedinci se spoléhaji na n€kolik obecnych a pomémé Castych mechanismt, jimiz lze
vhodnou volbou umisténi hnizda riziko jeho predace snizit: (i) Nekteré druhy umist'uji sva hnizda
do blizkosti agresivnich obratlovci nebo hmyzu a vyuzivaji tak jejich antipredacniho potencialu k
obrang vlastni sntisky (Quinn & Ueta 2008). (ii) Hnizda mohou byt umistovana na mistech, kde je
vyskyt predatord malo pravdépodobny a nebo na mistech pro né obtizn¢ dostupnych (Collias &
Collias 1984, Schmidt 2003). (iii) Casta je také preference mikrohabitatil, které detekci hnizda
znesnadnuji.

Umisténi hnizda v korunach strom@ (Schmidt 2003), dutinach (Martin & Li 1992), na koncovych
vétvich (Collias & Collias 1984), v litoralnich porostech a nebo na ostrovech obklopenych vodni
plochou (Hines & Mitchell 1983, Hill 1984, Kellet et al. 2003) piedstavuje u¢innou bariéru pro
neékteré druhy predatord. Data presentovand v praci ,,Factors determining pochard nest predation
along a wetland gradient (Albecht et al. 2006: Journal of Wildlife Management 70: 784-791)
demonstruji, Ze vodni plocha eliminuje riziko predace sntsky nékterymi druhy terestrickych
predatorti. U umélych hnizd umisténych v litoralu a na ostrovech sledovanych rybnik nebyla
zaznamenana predace sav¢imi predatory, na rozdil od hnizd umisténych na bfehu. Konzistentn¢ s
tim bylo riziko predace hnizd polaka velkého (Aythya ferina) umisténych na biehu vodnich nadrzi
vy$si nez riziko predace hnizd umisténych v litoralnich porostech nebo ostrovech, pti¢emz ostrovy
ovliviiuje i vybér umisténi hnizda. Na ostrovech byly zaznamenany vyssi hnizdni denzity nez v
biehovych a nebo litoralnich porostech (Albrecht et al. 2006, Kreisinger et al. unpubl data).

Rada druhti ptakt preferuje mista s vysokou hustotou vegetace zakryvajici hnizdo (Holway 1991,
Martin 1993, Braden 1999, Clark & Shutler 1999, Dearborn & Sanchez 2001). Shrnujici
metaanalyza (Clark & Nudds 1991) prokazala, ze tato strategie je efektivni hlavné proti vizualné se
orientujicim predatorim. Na druhou stranu husta vegetace mize do ur€ité miry zamezit Sifeni
pacht, které jsou klicové pro nalezeni hnizda olfaktoricky se orientujicimi predatory (Lariviere &
Messier 2001). Dvé zde presentované publikace prokazaly negativni korelaci mezi zakrytosti
hnizda vegetaci a pravdépodobnosti jeho predace u dvou druhti kachen; kachny divoké (Anas
platyrhynchos, Kreisinger & Albrecht 2008) a poldka velkého (Albrecht et al. 2006). Tento
vysledek je pomérn¢ piedvidatelny, vzhledem k dominantnimu zastoupeni vizualn¢ se orientujicich
predatort, prevazné pak krkavcovity ptakt (Corvidae) a motaka pochopa (Circus aeruginosus), na
sledovanych lokalitach (Albrecht et al. 2006).

Zavérem nutno poznamenat, ze tyto dveé prace (Albrecht et al. 2006, Kreisinger & Albrecht 2008)
jsou zalozeny na datech nashromazdénych béhem let 1999 — 2005. Od té doby vsak doslo k
vyraznym posuntum v nekterych aspektech hnizdni predace, které do znacné miry souviseji s
Sitenim norka amerického (Neovison vison) na studovanych lokalitach. Béhem let 2006 - 2009
doslo k vyraznému vzestupu predace samic inkubujicich hnizdo, coz byl jev do té doby pomérné

ojedin¢ly. Naptiklad v letech 2006-2009 byla zaznamenana predace inkubujicich samice u 10-15 %



nalezenych hnizd (BeneSova et al. 2007). Riziko predace hnizdicich samic muze vzhledem k
relativni dlouhovékosti kachnovitych (Forbes et al. 1994) a pomérné vysoké pravdépodobnosti
nahradniho hnizdéni po predaci prvni sntisky (u kachny divoké bylo za pomoci genetické analyzy
peti odebraného z hnizdni vystelky [Munclinger et al. 2006] zaznamenano nahradni hnizdéni po
prvnim neuspésném hnizdnim pokusu u 15 - 35 % jedinci [Kreisinger et al. 2008]) piedstavovat
silnéjsi selekéni tlak na umisténi hnizda, neZ samotné riziko predace sntsky. Ostrovy které do roku
2005 predstavovaly bezpecné refugium proti vét§iné druht terestrickych predatorti (Albrecht et al
2006), mohu za soucasné situace piedstavovat suboptimalni biotop. Konzistentné s timto
predpokladem byl v letech 2006-2009 zaznamenan vyrazny pokles hnizdnich denzit na ostrovech
sledovanych lokalit (BeneSova, diplomova prace in prep). Nelze samoziejmé vyloucit, Ze se na

.....

jedinct v téchto letech.

Viiv krypse na riziko hnizdni predace: Krypse je Siroce rozsifenou antipredacni strategii,
znesnadiujici detekei kotisti pomoci nevyrazného ¢i korespondujiciho zbarveni (Ruxton et al 2004,
Caro 2005). Tradicné je krypse pojimana jako "backgroud matching" (Endler 1978), t.j. shoda ve
zbarveni téla a ndhodného vzorku pozadi. I nasledujici text bude vychazet prfevazné z tohoto pojeti,
i kdyZz teorie krypse nabizi daleko pestiejsi Skalu strategii, které znesnadiiuji pomoci zbarveni
detekci a/nebo predaci kofisti (Thayer 1909, Cott 1940). Neni bez zajimavosti, Ze sofistikovanéjsi
empirické testy téchto hypotéz, starych mnohdy témér 100 let , jsou provadény az velmi recentné,
ovSem povétSinou na modelovych systémech dosti abstrahovanych od realné pfirody (viz napft.
Cuthill et al 2005, Stevens et al 2008).

Béhem hnizdéni mize krytické zbarveni vajec (Westmoreland & Kiltie 1996), téla inkubujicich
rodi¢ti (Martin & Badyaev 1996) a nebo krypticka konstrukce hnizda (Moller 1987) sniZovat
pravdépodobnost detekce snisky hnizdnimi predatory. Vliv krypse na riziko predace hnizd je v
nékterych z téchto aspektl piekvapivé malo studovany a vysledky empirickych studii jsou ¢asto
rozporuplné. Prace zabyvajici se touto problematikou navic Casto trpi uréitymi metodickymi
nedostatky.

Antipredacni efekt kryptického zbarveni u ptakl je pomérn¢ siln¢ podpofen nékolika studiemi,
demonstrujicimi na mezidruhové tirovni zvySenou miru predace, v disledku napadného zbarveni
téla (Huhta et al. 2003, Moller & Nielsen 2006). Naproti tomu jiné¢ prace ukazuji, Ze napadné
zbarveni nemusi byt vzdy nutn€ spojené s vyS$im rizikem predace (Gotmark 1993, Gotmark &
Unger 1994). Na vnitrodruhové trovni mtize napadné zbarveni napiiklad indikovat kvalitu dan¢ho
jedince, a tim i malou pravdépodobnost jeho predace ("unprofitability prey hypothesis", Gotmark &
Unger 1994).

Zbarveni inkubujiciho rodi¢e mtze hypoteticky ovlivnit i pravdépodobnost detekce a potazmo i

riziko predace hnizda. V takové piipadé by evoluce kyptického zbarveni mohla byt piimo



podminéna rizikem hnizdni predace. Této moznosti vSak byla vénovana piekvapivé mala
pozornost. Martin & Badyaev (1996) prokazali ve své komparativni praci na mezidruhové urovni
slaby positivni vztah mezi barevnosti samic a rizikem predace hnizda, ale tento vysledek nemusi
byt, vzhledem ke korelativnimu typu dat, nutn¢ interpretovan jako pifima kauzalita. Jednoznacny
vliv zbarveni rodici na osud hnizda nebyl prokdzana ani u dvou piipadovych studii
experimentalniho charakteru, ve kterych bylo porovnavano prezivani sniSek inkubovanych
rodicem a nebo modelem rodie s pfirozenym zbarvenim a zbarvenim jehoZ napadnost byla
experimentalné zvysena (Miller 1999, Stutchbury & Howlett 1995). PrestoZe tyto prace naznacuji,
ze riziko predace sntiSky nemusi byt dilezitou selekéni silou ovliviiujici zbarveni téla inkubujiciho
rodice, zaslouzila by si tato hypotéza do budoucna vice pozornosti jak experimentalnich, tak i
komparativnich studii.

Pfirodnim vybérem by rovnéz méla byt preferovand hnizda s méné napadnou konstrukei. V piipadée
konstrukce hnizda vsak riziko predace neni zdaleka jedinym faktorem determinujicim jeho vzhled.
Vysledny design hnizda vznikd obvykle jako kompromis stabilizovany spoluplsobenim fady
dalsich selek¢nich tlakd, jako napft. izolace sntisky od vlivil klimatu (Winkler 1993, Lombardo et
al. 1995, Mayer et al 2009) a minimalizace energie spojené s usilim do stavby hnizda. Krypticka
funkce je pfipisovana také radé materiald jako jsou lisejniky nebo pavouci kokony, pouzivané pro
vnéjsi konstrukci hnizda (Hansell 1996). Ale tyto materialy mohou plnit i jiné funkce (Hilton et al.
2004) a jejich ptimy vliv na riziko predace snisky byl testovan jen zfidka (ale viz Martin 1987).
Moller (1990) na experimentalnich datech ukazuje, ze velikost miize byt stabilizovana dvéma
protichtidnymi selekénimi tlaky, a to selekci na nendpadnost hnizda, ktera vede k zmenSovani
velikosti, a na termoizola¢ni vlastnosti hnizda, ktera ptisobi opa¢né (Slagsvold 1982, Kern 1984).
Prestoze nekteré pozdéjsi studie hypotézu, ze zmensovani hnizda je G¢inna antipredacni strategie
poporuji (Lent 1992, Hatchwell et al. 1996, Willson & Gende 2000), lze nalézt i fadu praci
prinasejicich opaéné vysledky (Weidinger 2004).

Jednim ze znakid snizujicich riziko predace hnizda mulze byt i zbarveni a kresba sntsky. Tato
hypotéza byla postulovana samotnym prukopnikem teorie ptirodniho vybéru (Wallace 1989), na
zéklad¢ skuteCnosti, Ze vejce bez kryptické pigmentace skotapy se vyskytuji pievazné u druht
které bud'to hnizdi na bezpecnych mistech ¢i jsou schopny ucinné obrany proti predatorim, a nebo
u téch, ktefi kryji snisku po vétSinu inkubacniho obdobi svym télem. Stejné¢ jako ve vyse
zminovanych piipadech je predace pouze jednim z moznych selekénich tlakt, ktery pigmentaci
skofapky podmitnuje. Depozice pigmenti do skofapky muze naptiklad zvySovat jeji pevnost pii
nedostatku zdroji kalcia (Gosler et al. 2005), ovliviiovat reflektanci, a tim eliminovat riziko
prehfivani embrya (Montevecchi 1976, Bakken et al. 1978), nebo také byt signalem kvality
socidlniho partnera (Moreno & Osorno 2003). Walaceova hypotéza byla testovana celou fadou
empirickych studii, jejichz pocet presahuje pocty ostatnich praci, zabyvajicich se vlivem krypse na

riziko hnizdni predace. Vysledky téchto praci vSak neposkytuji jednozna¢nou podporu testované



hypotézy. To mize byt z ¢asti dané nedostatky experimentalniho designu. Vétsina autort pouzivala
uméla hnizda, ktera mohou pfitahovat pozornost predatorti vic nez hnizda pfirozend a tak mohou
Casto hodnocena na zakladé subjektivnich kritérii, kterd neberou ohled na svételny rezim v
hnizdech a ktera vzhledem k vyraznym odliSnostem ve vizualni percepci mezi ptaky a clovékem
mohou byt zdrojem chyb (Bennett et al. 1994, Eaton Lanyon 2003, viz téz Kilner 2006 pro
podrobngjsi diskusi). Recentni komparativni prace R. M. Kilner (2006) v souladu s puvodni
formulaci Walaceovy hypotézy nicméné naznauje asociaci mezi kryptickym zbarvenim (hnéda
barva skotapky a skvrnity vzor) a umisténim hnizda, které mize byt spojeno s vysS$im rizikem
predace (t.j. hnizda umisténd na zemi), a to i po statistické kontrole na nezavislost dat diky

fylogenetické ptibuznosti.

Viiv rodicovského chovani na riziko hnizdni predace: Aktivni inkubace sntsky je u naprosté
vétSiny ptakll nezbytnd k uspéSnému vyvedeni snlisky (Deeming 2002). Kromé zajisténi
optimalnich podminek pro vyvoj embrya (Webb 1980, Haftorn 1988) ovliviiuje ale pfitomnost a
aktivita rodict na hnizdé¢ i riziko jeho predace. Pro predatory mize byt hlasova a pohybova aktivita
rodicli a mlad’at na hnizd¢ dilezitym klicem k jeho nalezeni (Skutch 1949, Martin et al 2000a,
Muchai & du Plessis 2005, Smith et al. 2007). Naproti tomu, vétSina druhti ptakti disponuje
Sirokym spektrem antipredacnich strategii (Montgomeie & Weatherhead 1988, Caro et al 2005),
které mohou riziko predace snisky redukovat.

Prace pokousejici se odseparovat vliv antipredacni kapacity inkubujicich rodici a jejich aktivity na
pravdépodobnost predace sntisky vychazeji observacnich dat (korelace mezi piezivanim snisky,
¢asem stravenym na hnizdé a frekvenci navstév hnizda Andersson & Waldeck 2006) nebo jsou
zalozeny na kontrolovaném experimentu. Experimentalné¢ je obvykle porovnano piezivani
aktivnich sntiSek daného druhu s prezivanim umélych sntisek jejichz osud neni ptitomnosti rodict
ovlivnén (Cresswell 1997, Remes 2005, Weidinger 2002, Kreisinger & Albrecht 2008). Vysledky
téchto praci poukazuji na zna¢nou mezidruhovou variability ve vlivu rodi¢ovského chovani na
hnizdni uspéSnost. U tady druhl ptezivaji 1épe neaktivni uméla hnizda (Smith et al. 2007) v
nekterych pfipadech neni mezi aktivnim a neaktivnimi sntiSkami rozdil (Schaefet et al. 2005,
Cresswell 1997, Remes 2005, Weidinger 2002) a u nékterych druhi antipredacni kapacita rodict
vede k vyrazné lepSimu piezivani aktivnich sntisek (Weidinger 2002, Andersson & Waldeck 2006).

Jednotlivé druhy Casto vyuzivaji vice nez jednu z vyse uvedenych antipredacni strategii. V takovém
ptipadé ale nemusi jednotlivé antipredacni strategie vystupovat jako nezavislé prediktory hnizdni
uspésnosti, ale jejich vliv na pravdépodobnost predace miize byt kombinovan v komplexnich
neaditivnich interakcich. Nejvétsi pozornosti se dostalo interaktivniho efektu rodi¢ovského chovani

a zakryti hnizda vegetaci. Rada praci dokladd, Ze zakryti hnizda vegetaci ovliviiuje riziko predace



snasky vice u umélych sntisek, jejichz osud neni ovlivnén aktivitou rodi¢ti, nez u sntiSek aktivnich,
jejichz osud je ovlivnén inkubac¢nim chovanim rodi¢ti (Gotmark et al. 1995, Cresswell 1997,
Weidinger 2002, Remes 2005). Pro kompenzaci vlivu vegetace rodi¢ovskym chovanim existuje
n¢kolik moznych, avSak malo kdy testovanych hypotéz. Nedostatecné zakryti hnizda miize byt
aktivné kompenzovano behavioralni plasticitou v inkuba¢nim a antipredacnim chovani. Rodice
mohou napiiklad snizovat svou aktivitu u hnizd umistétnych na mistech s vysokym
predpokladanym rizikem predace (Martin et al 2000b), a nebo jedinci s vySSim antipredacnim
potencidlem mohou hnizdit na malo bezpeénych mistech (Mclean et al. 1986). Vysoké zakryti
hnizda muze zabranovat dostate¢nému vyhledu do okoli a znesnadiovat tak detekci predatora. Tim
je omezena moznost adekvatni reakce za strany rodi¢ii na jeho pfitomnost (jako naptiklad redukce
poctu navstév, Gotmark et al 1995, Martin & Wiebe 1998).

Podobny neaditivni efekt na hnizdni Gspé$nost jaky byl pozorovan u kombinace rodi¢ovského
chovani a umisténi hnizda mulze existovat i mezi jinymi typy antipredacnich strategii, i kdyz
empirické testy této hypotézy témét neexistuji. Cott (1940) upozornil, ze kryptické zbarveni mtize
mit nizsi vliv na riziko predace na mistech krytych vegetaci, nez na nekrytych mistech. Pfimé testy
této hypotéz doposud chybély, i kdyz nekteré prace poskytuji vysledky konzistentni s predikcemi
této hypotézy (Stuart-Fox. & Ord 2004).

Vrubozobi (Anseriformes) jsou typickym ptikladem skupin ptakd, u nichz je riziko hnizdni predace
ovlivnéno fadou antipredacnich mechanisml. Vybér umisténi hnizda ma casto znacny vliv na
reprodukéni uspésnost (Albrecht et al. 2006). Rada druhti je schopna u¢inné aktivni obrany hnizda,
¢imz dokaze redukovat riziko jeho predace (Opremanis 2004, Anderson & Waldeck 2006).
Zbarveni inkubujici samice je Casto kryptické, i kdyz ptimy vliv na hnizdni predaci nema silnou
empirickou podporu (viz napf. Figuerola & Green 2000). Avsak sntska vrubozobych je
nekrypticky zbarvena, bez vyrazné kresby s mezidruhovou variabilitou ve zbarveni od bilé az po
odstiny zelenomodré. Samice ji vSak b&hem prestavek v inkubaci zakryva nestrukturovanou
hnizdni vystelkou, ktera vét§inou obsahuje vyrazny podil prachového pefi. Tomuto typu chovani je
pripisovana termoizolacni role (Caldwell & Cornwell 1975), i kdyz zasadni experimenty, které by
umoznily hodnotit termoizola¢ni efekt zakryvani na hnizdni tspéSnost nebyly doposud provedeny.
Na druhou stranu zakryvani sntiSky mize redukovat riziko jeji predace jak u vrubozobych
(Gotmark & Ahlund 1984, Oprermanis 2005), tak i u jinych skupin ptakd, kde se tento typ chovani
vyskytuje (Salonen & Penttinen 1988, White & Kennedy 1997).

Cilem prace "Nest protection in mallards (Anas plathyrhynchos): Untangling the role of crypsis
and parental behaviour" (Kreisinger & Albrecht 2008: Functional Ecology. 22: 872-879) bylo ur¢it
vliv jednotlivych komponent antipredacnich strategii (rodiCovské chovani, krypse v disledku
zakryvani sniisky télem inkubujici samice a krypse v disledku zakryvani hnizdnim materidlem a

vegetaci) a mozné neaditivni interakce mezi témito antipredacnimi adaptacemi u kachny divoké.



Prace ukazuje, ze pfitomnost inkubujici samice, zakryvani sntisky hnizdnim materidlem po dobu
jeji nepfitomnosti a umisténi hnizda v husté vegetaci snizuje riziko predace snusky. Tyto faktory
ale pfispivaji k hnizdni Gspésnosti aditivné. Naproti tomu nase prace nepotvrdila signifikantni vliv

kryptického zbarveni téla samice na riziko predace snusky.
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Summary

1. The covering of clutches with nest material is generally considered to improve the thermal
environment of developing embryos. Here we tested an alternative hypothesis: that this behaviour
reduces the risk of clutch detection by predators and hence, fulfils a cryptic anti-predation function
in a ground-nesting non-passerine bird, the mallard. In addition, we assess the anti-predation
function of the direct presence of an incubating parent on the nest for the first time in a ground-nesting
non-passerine bird.

2. We compared predation rates of real mallard nests with two types of artificial clutches: (i)
covered with nest material and (ii) uncovered. In addition, the cryptic effectiveness of nest material,
female body presence, and uncovered clutch were assessed using a simulated search for nests on
photographs by human volunteers. This allowed us to evaluate separately the impact of overall
crypsis (covering of the clutch by nest material and colouration of the female feather) and the direct
protective capacity of the incubating female.

3. Our data demonstrate that in mallards, concealment of the clutch with nest material reduces the
risk of nest predation. Although the incubating female seems to provide less effective crypsis to the
nest than nest material alone, the presence of the female on the clutch enhanced nest survival,
suggesting a significant anti-predation capacity of the incubating parent in this species.

4. Contrary to some previous studies, the relative effects of crypsis and parental anti-predation
behaviour on nest survival did not differ with respect to nest concealment by surrounding vegetation.

Key-words: anti-predation behaviour, nest construction, parental compensation hypothesis,

waterfowl

Introduction

Investments in parental care are expected to maximize the
fitness of parents by optimizing the trade-off between the
survivorship and quality of their offspring on one hand and
parental reproductive output during future breeding attempts
on the other (Williams 1966). Variable (and sometimes oppos-
ing) selective pressures drive the evolution of parental care,
such as maintaining conditions for development of embryos
(Haftorn 1988), diminishing the risk of nest predation
(Montgomerie & Weatherhead 1988) or provisioning for
young. Particular behavioural adaptations associated with
parental care may enhance parental fitness by various
mechanisms, but direct fitness consequences often remain
poorly understood.

The covering of clutches with nest material during parental
absence occurs in a wide variety of animals, including both

*Correspondence author. E-mail: jakubkreisinger@seznam.cz

invertebrates (Shimoda, Shinkaji & Amano 1994) and
vertebrates, such as fish (Fleming ez al. 1996), amphibians
(Orizaola & Brana 2003), reptiles (Burger 1976) and birds
(Summers & Hockey 1981; Gotmark & Ahlund 1984;
Salonen & Penttinen 1988). However, direct evidence for
fitness benefits resulting from this behaviour is limited. Tra-
ditionally, clutch covering is believed to increase hatching
success by improving the thermal isolation of the clutch
(Caldwell & Cornwell 1975). Nevertheless, the few studies
that have attempted to test this hypothesis directly have
produced mixed results (e.g. see Burger 1976 and Shimoda
et al. 1994). Various alternative hypotheses have been sug-
gested to explain the adaptive function of clutch covering; for
instance, parents may bury eggs under the nest material as an
anti-parasitic strategy (Clark & Robertson 1981). In addition,
clutch covering is also believed to be involved in sexual conflict:
a female may use clutch covering to hide her eggs thereby
camouflaging the stage of her fertile period from a social partner
or extra pair intruders (Valera, Hoi & Schleicher 1997; Low
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2004). Moreover, clutch covering by various animal taxa is
thought to reduce the risk of clutch detection by predators
(Gotmark & Ahlund 1984; Shimoda ef al. 1994; Orizaola &
Brana 2003) in a similar way to the cryptic colouration of egg-
shells (Haskell 1996) or of adults incubating the clutch
(Martin & Badayaev 1996).

Nest crypsis (cryptic colouration of parents or eggshells, or
a specific type of nest construction) may affect nest survival in
combination with other factors. Parents often place nests in
sites concealed by the surrounding vegetation, which may
diminish the risk of nest detection by predators (Clark &
Shutler 1999). In addition, parental incubation behaviour
(such as parental presence at the nest) may reduce the risk
of nest predation by directly defending the clutch (sensu
Montgomerie & Weatherhead 1988); alternatively, parental
presence itself may deter predators from approaching the nest
(i.e. Opermanis 2004). At the same time parental incubation
behaviour (such as moving on or around the nest during
incubation breaks) may enhance the risk of the nestdisclosure
to predators (Skutch 1949). These mechanisms may act
simultaneously to affect the probability of nest predation, and
their relative contribution to reproductive success may
combine in a complex, non-additive way. For example, the effect
of parental incubation behaviour may be crucial for survival
of nests that are poorly concealed by vegetation, but not for
nests that are exposed to low predator detection risk due to
sufficient vegetation concealment (Cresswell 1997; Weidinger
2002). Similarly, the anti-predation effect of crypsis provided
by parents or nest structures (eggs, feathers) is believed to be
lower when vegetation concealment is high (Cott 1940; Stuart-
Fox & Ord 2004).

The aim of this study was to test whether incubation beha-
viours and clutch covering by females reduces nest predation
risk in the mallard, a ground-nesting non-passerine bird for
which the incubating female has cryptic body colouration.
Since nest concealment by surrounding vegetation may affect
nest success (Albrecht & Klvana 2004; Albrecht et al. 2006),
we tested for an interaction between vegetation concealment
and the influence of parental presence (called the ‘parental
compensation hypothesis’; Cresswell 1997; Remes 2005).
In addition, our experimental approach allowed us to test
whether the protective effect of vegetation concealment
nullifies the anti-predation effect of nest crypsis (covering of
the clutch by nest material and/or the cryptic incubating
female; e.g. Cott 1940; Stuart-Fox & Ord 2004).

Parental body colouration may affect the risk of nest
predation (Martin & Badayaev 1996); however, previous
experiments examining the effect of parental behaviour on
nest predation have often implicitly assumed that active nests
incubated by parents and artificial nests, which are not
affected by parental behaviour, are equally cryptic (e.g. Cresswell
1997; Weidinger 2002; Remes 2005; Fontaine et al. 2007). Our
study evaluates separately, to the best of our knowledge for
the first time, the contribution of crypsis and parental incubation
behaviour to nest success, by comparing the survival of
naturally incubated mallard clutches (affected by parental
activity, sensu Cresswell 1997) with that of two types of artificial
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clutch whose fate is not affected by parental incubation
behaviour; that is, clutches either (i) covered or (ii) uncovered
by nest material. Second, the cryptic effectiveness of nests
covered by either nest material or the cryptic female, and
uncovered nests, are compared using simulated nest searches
of visually oriented predators (humans) as a proxy of crypsis
(i.e. Cuadrado, Martin & Lopez 2001).

If clutch covering performs an anti-predation function,
then covered clutches should have lower detection by human
predators than uncovered clutches (i.e. they should suffer a
lower predation risk by visually oriented predators). The
evaluation of crypsis, using human volunteers, may help to
roughly separate the effect of protective parental behaviour
and crypsis. For instance, parental incubation behaviour
could be said to be predominantly protective if survival of
both types of artificial clutches is lower than survival of
incubated nests and if these nest types do not differ in crypsis
(or incubated nests are even less cryptic than artificial nests).
The opposite pattern, that is, a higher survival rate for artificial
clutches compared to natural nests, would indicate that nest
disclosure due to parental movements around the incubated
nest prevails over the protective effect of parental presence
(i.e. Skutch 1949). On the other hand, our approach does not
allow us to directly separate the effect of crypsis and parental
incubation behaviour in the situation where one clutch type
would be both more cryptic and more successful against real
predators than the other. To test the hypothesis that the anti-
predation effect of the vegetation concealment compensates
the effect of parental activity (i.e. Cresswell 1997) and cypsis
(i.e. Cott 1940), in both experiments, we further examined the
significance of the interaction between nest type (clutches
covered by nest material, incubating female or uncovered
clutches) and vegetation cover.

Material and methods

STUDY SITE

Field work was conducted from mid-April through mid-July of 2003
and 2004 on seven-selected fishponds (total study area; 40 km?) in
the Ttebon Biosphere Reservoir, Doudlebia, Czech Republic (49°9'N,
14°43’E). We searched for nests on small artificial islands (5-30-m
wide, 50-300-m long), where visually oriented avian predators
(marsh harriers Circus aeruginosus and crows Corvus corone) cause
the majority of nest losses (Albrecht et al. 2006). The vegetation
around mallard nests included the common reed (Phragmites communis,
53% of all nests included in the experiment), stinging nettle (Urtica
dioica, 16%) and sedge grass (Calamagrostis epigeos, 31%); see
Albrecht & Klvana (2004) for details.

EXPRIMENT 1. THE EFFECT OF CLUTCH COVERING
AND PARENTAL PRESENCE ON NEST FATE

Artificial nest experiment

Experiments using artificial clutches enable the separation of the
contributions of crypsis (Haskell 1996) and parental incubation
behaviour (Cresswell 1997) to nest success. For each real nest (hereafter
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called ‘incubated nest’), we assigned a pair of artificial nests (not
incubated, and therefore not affected by parental activity; Cresswell
1997) 7-5 £ 2-7 m (mean * SE, range 5-5-15 m) from the incubated
nest. For each pair of artificial clutches, one was covered by nest
material taken from the spatially associated incubated nests, and the
second was left uncovered (although we added some nest material
around this clutch to mimic the scent and appearance of a real mallard
nest (Guyn & Clark 1997). This experimental design enabled us to
test the anti-predation function of clutch covering (survival of covered
vs. uncovered artificial nests), as well as the contribution of parental
incubation behaviour to the nest success (survival of incubated vs.
covered artificial clutches; we assumed that an equivalent or lower
quality of clutch crypsis is provided by the female feather colouration
compared to nest material [see below]).

Artificial nests were constructed from dead vegetation shaped into
a cup closely resembling natural mallard nests. Real inactive nests
baited with an artificial clutch have previously been used to assess
the effect of parental activity on nest survival in open cup shrub-
nesting birds (Cresswell 1997; Komdeur & Kats 1999; Weidinger
2002). In the case of ground-nesting birds, clutch colouration rather
than nest design is expected to be a crucial clue for predator nest
disclosure (i.e. Weidinger 2001). Thus, we assume that the use of
human-made artificial nests does not seriously affect the results of
this experiment.

Clutches of artificial nests consisted of four brown chicken eggs.
In the additional experiment performed in year 2006 on the same
study plots (data not included in the results), artificial clutches
baited with chicken eggs had a survival rate comparable to those
baited with mallard eggs (28 artificial nest couples * = 065, d.f. = 1,
P >0-40; in fact mallard eggs were slightly more predated than
chicken eggs, 19 vs. 16 nests predated, Kreisinger & Albrecht unpub-
lished data). Hence, the difference in eggshell colouration between
chicken and greenish mallard eggs is unlikely to bias our results.

Nest sites for artificial clutches were chosen to approximate the
nest site of the associated incubated clutch in features that could
affect the probability of predation (e.g. vegetation structure, height
and density, proportion of dead vegetation, distance to the closest
tree, shrub and water). We took special care not to manipulate or
damage the vegetation around all nests. To control for possible bias
in this aspect, vegetation concealment was measured for each clutch
at the beginning of each experiment. A 20 x 20-cm grid composed of
eight white 5 x 5-cm squares was placed directly on the nest bowl,
and the percentage of white squares obscured by vegetation when
viewed from 1 m directly overhead was scored. The mean vegetation
concealment of all nests was 50-7 £ 24:0% (mean £ SE) with
no differences in vegetation concealment between incubated and artifi-
cial clutches in each triplet (63 + 8:7% [mean * SE], Repeated
Measures ANOVA, F, ;3 = 0-:658, P > 0-5).

The relative proportion of time that a female spends on the nest
differs noticeably between the pre-incubation and incubation stages
(Afton & Paulus 1992). Therefore, in this experiment, we only
included real nests that survived to day 3-5 of incubation (based on
the floating test of Westerkov 1950). Clutches found during pre-
incubation or very early incubation (< 3 days) are often abandoned
(e.g. Johnson, Nichols & Schwartz 1992), and therefore, were not
included in our experiment since the influence of parental behaviour
cannot be assessed for abandoned nests. Incubated nests included in
this experiment were a random sub-sample of all mallard clutches
found in our localities which fulfilled the criteria mentioned above.

Nests triplets were checked twice, the first time after 57 = 0-8
(mean * SE) and a second time after 11-4 £ 1-1 (mean * SE) days
from the start of the experiment. When we approached the nest, the

female duck usually left the nest suddenly without covering eggs
with nest material. When this happened, we covered clutches with
nest material after the nest check to mimic the behaviour of an
undisturbed female leaving the nest during incubation recesses
(Caldwell & Cornwell 1975). During the second check, successful
artificial clutches were removed.

Nests were defined as predated if the clutch was damaged or at
least one egg was missing. This criterion makes our results rather
conservative, because incubated nests with partial clutch loss, where
the female continued the incubation were classified as predated (two
incubated nests, one and three eggs missing, respectively). Nevertheless,
in these cases we could not distinguish between partial clutch preda-
tion (i.e. Ackerman ez al. 2003) and other causes of eggs loss (such
as the ejection of an egg with a broken shell by the female). We
excluded two nest triplets for which the incubated nest was abandoned
by the female during the experiment and the clutch was found intact
during a subsequent visit. The final analysis included 60 nest triplets.

Experiments using artificial nests increase natural nest densities,
which may draw predators and lead to an artificial increase of predation
rates. However, mallards already breed in high densities in our locality.
As only a small proportion of incubated nests were included in the
experiment (15-18% mallard nests found), nest densities were only
increased by the experimental setup by 30—35%. Similarly, the mean
distance between neighbouring natural nests (10-20 m) was only
increased slightly by our experiment. We assumed that this modest
increase in nest densities did not alter natural predator densities or
predation rates, since experiments based on much larger differences
in duck nest densities show no consistent effect of nest densities on
predation rates (see Ackerman, Blackmer & Eadie 2004 for review).

EXPERIMENT 2. CRYPTIC QUALITIES OF EGGSHELLS,
NEST MATERIAL AND THE FEMALE BODY

To compare the cryptic quality of nest material, the female feather
colouration and uncovered eggs, 15 groups of photographs of mallard
nests were taken during the breeding season. Each group contained
three pictures: (i) a clutch covered by a stuffed female mallard; (ii) a
clutch covered by nest material, and (iii) an uncovered clutch. In
addition, 150 photographs containing no nest were included in the
experiment (i.e. Cuadrado et al. 2001). Fifteen of these control pic-
tures featured the vegetation microhabitat close to nests included
into this experiment (1-2 m away; hereafter ‘paired control photos’).
The remaining 135 photos represent random sites of mallard breed-
ing habitat within our study localities (hereafter termed ‘unpaired
control photos’). Human volunteers (8 males, 12 females, aged 18—
62 years) were asked to search for nests located randomly in the 195
photographs (150 control photos + 45 photos containing nests) that
were presented in a random sequence for 10 s on a computer monitor.
The pilot experiment showed that a successful search rarely exceeded
10 s (Kreisinger, unpublished data). Volunteers were asked to use a
mouse to click on the spot where they believed there was a nest. The
search was considered successful when volunteers clicked on the target
area where a nest was present, with the ‘target area’ occupying c. 2%
of the photo (a circle with 4-5 cm diameter on 15” monitor for all
photos containing a nest). The vegetation concealment of each nest
was measured following the procedure used in the previous experiment.
All photographs were taken 4 m away from the nest, from the direction
that provided the highest visibility of the clutch, using a Practica
MTLS5B with a Helios 50 mm lens and Kodak 200 ASA print film.
The focal length of the 50 mm lens corresponds to humans visual
system and the 4 m distance provide, based on our experience, an
appropriate level of uncertainty about the nest location on photographs
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(a random nest detected with ¢. 50% probability). The height of the
camera was 16 m above-ground level.

Humans are frequently used in similar experiments to mimic
behaviour of wild visually oriented predators since their prey search
is primarily based on visual perception (e.g. Cuadrado et al. 2001).
However, several potential biases may arise when using humans as a
model predator in experiments similar to ours. For instance wild
predators usually search for an entire spectrum of potential prey, not
only nests; however, our field experiments were performed on a small
artificial islands where alternative prey is rather limited and we
expect that these sites are visited by predators primary searching for
duck nests.

In addition, avian predators, unlike humans, also perceive light in
the UV spectrum (300-400 nm). To address this problem, we
examined the reflectance of structures whose cryptic efficiency was
studied in experiment 1 and 2 (down feathers from the nest material,
brown chicken eggshells, mallard eggshells and feathers from the
female dorsal surface) and samples of fresh and dry vegetation
surrounding nesting microhabitats in our locality (Sedge grass,
Common Reed). We recorded the reflectance of five independently
collected samples of these materials using an Avaspec 2048®
(Avantes, Netherlands) spectrometer equipped with micron fiber-
optic probe at a 45° angle to the measured surface. Reflectance data
were generated relative to a white standard. The reflectance profile
was very similar for dry Sedge grass and dry Common Reed and for
fresh green samples of these species. UV reflectance for both dorsal
surface of a female mallard and down feathers were negligible.
Brown chicken eggs exhibited lower reflectance in the UV spectrum
(i.e. more similar to vegetation samples), compared to green mallard
eggs, except the small reflectance peak around 320 nm. Since perception
in UV spectrum by avian predators (raptors and corvids) is based on
violet sensitive cones with maximal sensitivity around 405-420 nm
(i.e. Hastad, Victorsson & Odeen 2005), this peak is unlikely do be
detected by the most common predators of our experimental nests.
Reflectance curves for particular structures are presented in Supple-
mentary Appendix S1.

In conclusion, the use of humans is probably adequate for the
estimation of crypsis in our experiment. If UV reflectance of eggshells
attracts nest predators, the use of chicken eggs will only cause the
estimate of the effect of crypsis and clutch covering in our study to
be conservative due to their lower UV reflectance compared to
mallard eggs.

STATISTICS

Experiment 1

Nest survival was evaluated using the Mayfield method (Mayfield
1975); that is, the proportion of days survived was calculated for
each nest and modelled as a response variable with a binomial error
distribution (Aebischer 1999). Due to the short intervals between
nest checks, the time of nest predation and hence the number of days
of nest exposure were estimated as one-half of the interval between
the last positive and first negative check of the nest (Mayfield 1975).
Days of nest exposure differed among (but not within) nest triplets,
because we did not check nests during unfavourable weather con-
ditions in order to prevent clutch abandonment. Weighting for
different lengths of nest observation (days of nest exposure) was
included in the analysis (Aebischer 1999; Crawley 2002).

Because nests in the first experiment were spatially grouped in
triplets, their outcome cannot be treated as independent in the
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statistical analysis (i.e. the probability of predation of a single nest
may depend on the probability of predation of any of the other nests
in the triplet). To control for this issue and to avoid pseudoreplication,
the data were analyzed within the framework of the GLMM,
(GLMM binomial error distribution, R 2-6-0 software) with the nest
triplet identity included as a random effect (e.g. Faraway 2006).

The most complex model contained triplet identity as the random
effect and a set of categorical explanatory variables (nest type:
incubated, covered artificial or uncovered artificial nests, plus year),
continuous variables (vegetation concealment, date of particular
experiment initiation) and all two-way interactions between variables
as fixed effects. We first assessed the importance of random effect by
comparing explained variance of the model including random effect
with the model where the random effect was not considered using
Akaike information criterion (AIC, Faraway 2006). Backward
elimination of non-significant terms was further used to select the
best Minimal Adequate Models (MAM), that is, the most parsimonious
ones with all fixed effects significant (Crawley 2002). The signifi-
cance of particular terms on the explanatory power of a model was
tested using the deletion test. Data were checked for normality and,
in the case of vegetation concealment, data were root square arcsine
transformed before calculation.

We also compared the survival of incubated mallard nests in
experimental localities but that were not included into the experiment
(n = 252) with the survival of experimental nests using Aebischer’s
(1999) method. Since experimental nests were grouped in triplets, we
performed three separate models (i.e. non-experimental incubated
nests vs. each one of three experimental nest types).

Experiment 2

Statistical procedures are based either on GLM or GLMM (triplet
of photos of the same nest included as a random factor) with a binomial
response (proportions of cases when different observers correctly
identified a particular nest, or proportions of cases when the position
of the nest was misidentified respectively [e.g. Cuadrado et al. 2001]).
Vegetation concealment, clutch cover type and interaction were
incorporated as explanatory variables. The procedure for the MAM
model selection was identical to that in experiment 1.

Results

THE ROLE OF CLUTCH COVERING AND PARENTAL
PRESENCE

The backward reduction of the complex survival model
revealed a significant effect of nest type and vegetation
concealment on nest survival, whereas the effect of other
variables (between year differences, date of experiment
initiation and two-order interactions) were statistically
negligible, including the focal interaction between nest type
and vegetation concealment (Table 1). The relationship between
nest survival (i.e. proportion of days survived) and vegeta-
tion concealment was positive, with comparable regression
slopes for all experimental nest types; incubated nests
(slope = 1-852 + 0-934 SE), artificial covered clutches (slope =
1-717 £ 0-788 SE) and artificial uncovered clutches (slope =
2-033 £ 0-670 SE). When the random effect (nest triplet
identity) was deleted from the model, the explained variability
decreased significantly (A AIC = 3-99), suggesting covariance of
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Table 1. Survival model based on GLMM with binomial error
structure (Aebischer 1999). Backward eliminations of non-
significant terms to select the best minimum adequate model (MAM)
with all their effects significant were used. Models were compared
using the deletion test. Significant factors included in the MAM are
in boldface

Factor df. o P
Nest type (active + covered + uncovered) 2 31-111 < 0-001
Vegetation 1 12:36 < 0-001
Date 1 2:53 0-112
Year 1 0-67 0-415
Year x Date 1 2-60 0-107
Date x Vegetation 1 0-34 0-562
Year x Vegetation 1 2:22 0-136
Nest type x Year 2 0-98 0-614
Nest type x Vegetation 2 1-54 0-462
Nest type x Date 2 1-16 0-560
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Fig. 1. Daily survival rates (+ SE, Mayfield 1975) of active mallard
nests that were not included in the experiment (Incubated Non-exp)
and of reminding nest groups that were included in the experimental
setup: experimental incubated mallard nests (Incubated exp),
artificial clutches covered with nest material (Covered) and artificial
clutches that were not covered with nest material (Uncovered).
Different letters above columns represent significant differences
between nest types (P < 0-05, based on the Generalized Liner Mixed
Models).

nest survival within a particular triplet. The a posteriori
reduction of nest type categories further revealed that un-
covered artificial clutches had significantly lower survival
rates than covered artificial clutches (incubated + [covered vs.
uncovered], Ad.f. =1, ¥*=11-41, P <0-001, Fig. 1). The
survival rates of incubated clutches was significantly higher
than survival of covered artificial clutches ([incubated vs.
covered] + uncovered, A d.f. = 1, x* = 5:06, P = 0-024, Fig. 1).
The survival of incubated nests included in the experiment
did not differ from the survival of incubated mallard nests
found in the same localities not included in the experiment;
Mayfield’s daily survival rates (DSR) for incubated
experimental nests (n = 60, DSR = 0-969 + 0-0072 SE) and
incubated nests not included in the experiment (n =252,
DSR =0-972 £ 0-0027 SE) did not differ (GLM, AD.f. = 1,
%> =0-66, P < 0-4, Fig. 1). On the other hand, and consistent
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Proportion of detected

Fig. 2. Bars indicate proportions of nests (mean * SE) with
uncovered clutches (Uncovered), clutches covered by nest material
(Covered) and clutches camouflaged by stuffed mallard female
(Female) detected on photographs by human volunteers. Different
letters above columns represent significant differences between nest
types (P < 0-05, based on Generalized Liner Mixed Models).

with previous results, incubated nests that were not included
in the experiment had a higher survival than artificial covered
clutches (GLM, Ad.f. =1, ¥*=10-80, P =0-001) and
artificial uncovered clutches (GLM, Ad.f. =1, x*=51-79,
P <0:001, Fig. 1).

CRYPTIC QUALITY OF EGGSHELLS, NEST MATERIAL
AND THE FEMALE BODY

On average, in 62 + 1-2 (SE) % of cases, volunteers identified
an incorrect object as a mallard nest on control photos. The
frequency of these mistakes did not differ between paired
control photos and unpaired control photos (GLM, Ad.f. = 1,
%> =063, P=0-427). Similarly, the proportion of cases in
which no nest was found and any object was incorrectly
identified as a nests did not differ between pictures containing
a nest and control pictures (GLM, Ad.f.=1, x*=0-56,
P = 0-453), indicating that human observers were no more
likely to record false positives on control photographs than
on photographs with nests.

If the analysis to pictures is restricted to those containing a
nest, the probability of clutch detection by humans decreased
with increasing vegetation concealment (GLMM, A d.f. = 1,
%> =13-66, P < 0-001) and was affected by the type of clutch
cover (Ad.f. =2, x*=114-94, P <0:001), but the interac-
tion between these variables was not significant (A d.f. =2,
%> =300, P=0-223). A negative relationship between the
probability of nest detection and vegetation concealment was
detected for all nest groups (regression slope for uncovered
clutches: —0-031 + 0-006 SE, for clutches covered by the nest
material: —0-025 + 0-006 SE and for clutches covered of the
female body: —0-029 * 0-005 SE). Uncovered clutches tended
to be detected more often than clutches covered by a stuffed
mallard female (Fig. 2); nevertheless when merging these two
nest types in the model (i.e. [uncovered clutches vs. clutches
covered by female] + clutches covered nest material], this
difference was not significant (A d.f. = 1, x> =281, P =0-093).
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On the other hand, clutches covered by nest material were
significantly less likely to be detected than clutches covered by
a stuffed mallard female (uncovered clutches + [clutches
covered by female vs. clutches covered nest material]; Ad.f. =1,
x> =70-83, P < 0-001).

Discussion

The use of feathers as a non-structural nest bowl lining in
various bird taxa is assumed to primarily improve the thermal
environment of the clutch and consequently the hatchability
of young (Hilton et al. 2004; McGowan, Sharo & Hatchwell
2004), although this effect on fitness has rarely been demon-
strated experimentally (but see Lombardo et al. 1995).
Our data clearly show that clutch covering by nest material
consisting of down feathers and dead grass may also fulfil a
cryptic function. Consistent with previous studies performed
on artificial nests (Gotmark & Ahlund 1984; Salonen &
Penttinen 1988; Opermanis 2004), in our study, covered nests
suffered a lower predation risk than uncovered artificial nests
(Fig. 1). A cryptic function of the clutch covering was simul-
taneously supported by the experiment with human volunteers,
where covered clutches were less likely than uncovered clutches
to be detected (Fig. 2). Our experiment does not allow the
accurate measurement of anti-predation benefits arising from
clutch covering, since clutch covering may fulfil its function
only when the female is off the nest, which in the case of the
mallard involves 10-15% of the incubation period and a large
proportion of the pre-incubation stage (Caldwell & Corwell
1975; Afton & Paulus 1992). However, our data demonstrate
that, apart from other mechanisms, predation can be an
important factor favouring the evolution of clutch hiding
behaviour, especially in species with poorly developed eggshell
crypsis. This could be particularly true in ground-nesting
species because it is primarily the clutch itself, rather than the
nest bowl, that attracts the attention of nest predators (e.g.
Weidinger 2002).

The anti-predation function of cryptic colouration is
often assumed to increase with decreasing concealment by
vegetation (Cott 1940; Stuart-Fox & Ord 2004), but previous
studies have generally focused on species that nest in open
habitats covered by sparse vegetation (Gétmark & Ahlund
1984; Opermanis 2004, but see Salonen & Penttinen 1988),
limiting the possibility of testing whether clutch covering
actually compensates for poor vegetation concealment (e.g.
Cott 1940). The results from our survival model (Table 1) and
our human predator experiment, in fact fail to support any
interaction between nest covering and vegetation concealment,
contrary to previous studies that suggest that clutch covering
can compensate for poor nest site concealment.

Although we clearly demonstrate that covering the nest with
nest material may strongly improve nest survival in mallards,
the fitness consequences of this behaviour may simultaneously
involve both better thermoregulation and enhanced development
of embryos. Future manipulative experiments should be focused
on assessing the relative importance of potential pathways
through which clutch covering enhances female fitness.
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In this study, covered artificial clutches exhibited lower sur-
vival than incubated nests guarded by a mallard female
(Fig. 1). This pattern is unlikely to be explained by a better
cryptic quality of the female body, as nests covered by nest
material did not differ in UV reflectance from nests covered
by females and were detected less frequently by human
observers. Similarly data reported by Opermanis (2004)
indicate clutches covered by nest material to be more cryptic
to non-human predators than clutches covered by a duck
female. Since an incubating female does not necessarily cover
its clutch with nest material during every break in incubation
(Caldwell & Cornwell 1975), our data provide conservative
estimates of nest protection due to parental incubation
behaviour, because uncovered nests suffer higher predation
risk. Consequently, low predation rates of incubated nests
indicate that parental incubation behaviour via direct
parental presence improves nest success in mallards. On the
other hand, the effect of nest disclosure due to female activity
(e.g. Skutch 1949; Martin, Scott & Menge 2000) is unlikely to
markedly reduce nest success in our model system.

It is also worth noting that incubated nests included in our
study are in fact a sub-sample of nests that survived until the
onset of incubation (see also Cresswell, 1997; Weidinger 2002
for similar drawbacks in the methodology). Hence, our experi-
ment might slightly overemphasize the effect of parental
behaviour on nest survival by estimating the parental beha-
viour effect for survivors but not unbiased estimates for the
studied population, particularly in the case of high inter-
individual variability of the protective component of parental
behaviour. Nevertheless, we believe this potential bias is
relatively low, since incubated nests were not monitored for
only a relatively small proportion of the incubation period
(3-5 days, ¢. 15-20% of the incubation period) and losses of
unincubated nests and nests during the early incubation stage
(0-5 days) due to predation were relatively low (c¢. 5-10%)
compared with losses due to clutch abandonment (¢. 20%).

In line with observed anti-predation effect of nest guarding,
experiments based solely on non-incubated artificial nests
performed by Opermanis (2004) indicate that the mere
passive presence of an inactive dummy female duck on an
artificial ground clutch may deter some avian predators. The
contribution of parental behaviour to nest success has been
experimentally revealed in several open-cup nesting passerines
(Cresswell 1997, Komdeur & Kats 1999; Remes 2005). In
waterfowl, nest guarding is known to decrease predation risk
in species with large body size such as geese, swans or eiders
(Andersson & Waldeck 2006; Samelius & Aulisauskas 2006).
We show, however, that parental presence on the nest during
incubation may provide protection of the clutch against
predators even in ground-nesting ducks with a mallard-like
body size.

Under the parental compensation hypothesis, the protective
effect of parental incubation behaviour often, but not always
(e.g. Weidinger 2002), contributes more to nest success in
unsafe (i.e. poorly covered by vegetation) nest sites (Cresswell
1997; Remes 2005). Several mechanisms have been suggested
to explain parental compensation; for example, a lower intensity
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of nest guarding and higher parental activity for individuals
breeding in nest sites exposed to low predation risk (i.e. dense
vegetation, McLean, Smith & Stewart 1986; Montgomerie &
Weatherhead 1988; Martin et al. 2000) can be expected if nest
guarding is associated with energetic costs (Montgomerie &
Weatherhead 1988; Komdeur & Kats 1999). On the other
hand, breeding in dense vegetation may limit the prompt
detection of a predator, and preclude the parent from
modulating its activity to avoid nest disclosure (Gotmark
et al. 1995).

In mallards in this study, parental incubation behaviour
improved nest success regardless of vegetation concealment,
despite vegetation concealment itself predicting nest fate
(Table 1), providing no support for the parental compensation
hypothesis. Consequently our results indicate that none of the
suggested mechanisms of parental compensation play a
significant role in the mallard. Nevertheless, a detailed analysis
of female behaviour, and predation rates nests with experi-
mentally manipulated vegetation concealment, should be
performed (i.e. Remes 2005).
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Abstract

Corridors are assumed to be an efficient conservation tool for reducing changes in local
biodiversity induced by fragmentation and loss of natural habitats. The importance of
corridors for the management of local biota has been previously demonstrated for a few
single species; however, there has been little research on this topic for groups of animals,
such as mammalian carnivores. In this paper, we test the hypothesis that linear strips (2-12
m wide) of shrubby vegetation and dense high grass are more likely to be exploited by
diverse carnivore species than surrounding hayfields. For this purpose a scent station
survey was employed. Scent stations placed in linear landscape structures were visited
much more frequently than scent stations placed in the surrounding hayfield matrix. The
probability of detection was higher in corridors than in the landscape matrix for all
carnivore species detected. In addition, we tested if the use of a corridor by carnivores was
influenced by the amount of shrub and tree cover and corridor width, but none of these
variables affected the probability of carnivore detection. Our study suggests that the
maintenance of corridors could be an efficient management practice for the preservation of

carnivore populations in agricultural landscapes.

Keywords: Habitat corridors, agricultural landscape, habitat fragmentation, Czech

Republic, Doudlebia, carnivores
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Introduction

The fragmentation of natural habitats and subsequent loss of connectivity can alter the
structure of vertebrate populations, which often results in reduced viability and decreased
diversity (Brown and Kodric-Brown 1977; Didham et al. 1998; Crooks and Soulé¢ 1999;
Fahrig 2003). Corridors, i.e. narrow linear structures connecting preferred but isolated
habitat patches that are spatially segregated by an unsuitable habitat matrix (Forman and
Gordon 1986), are often assumed to diminish the negative consequences of habitat
fragmentation (Laurance and Laurance 1999; Hilty and Merenlender 2004; but see
Simberloff and Cox 1987). These landscape structures are believed to facilitate the
exchange of individuals between isolated subpopulations (reviewed in Hilty et al. 20006),
and this in turn reduces the negative effects of demographic stochasticity (Brown and
Kodric-Brown 1977; Gilpin and Hanski 1991), and/or inbreeding depression due to low
gene flow (Aars and Ims 1999). Alternatively, corridors may enable effective dispersal
between disconnected but preferred habitat patches within an individual home range (e.g.
Dunning et al. 1992; Rosenberg et al. 1998), or provide extra habitat suitable for some
species (e.g. MacDonald et al. 2004).

The intensification of agricultural practices in Europe during the past decades has resulted
in an increase of intensively cultivated areas and, consequently, a drastic decline of semi-
natural refuges suitable for native fauna, such as extensively used grasslands, small
woodlots, and hedgerows (Arnold 1983; Smith and Johnson 1993). A web of linear
uncultivated margins separating particular field parcels has previously been shown to
increase the abundance and diversity of various animal taxa (Arnold 1983; Boatman and
Wilson 1988; Hassall et al. 1992) and could potentially maintain their dispersal (Aars &

Ims 1999; Haddad et al. 2003). Nevertheless, despite considerable research and
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conservation interest in this topic, empirical data are still, in many respects, insufficient
and available only for a few model groups (Beier and Noss 1998).

The population structure of carnivore species can be strongly affected by human induced
landscape changes (Crooks and Soulé 1999) and other human activities. Area-sensitive
specialist predators often exhibit strong population declines in fragmented landscapes.
Large carnivorous species such as the brown bear and wolf became extinct during the past
centuries in the Czech Republic. There are attempts to restore a population of lynx;
however, based on habitat suitability models (Schadt et al. 2002) most Middle European
regions are unlikely to maintain a viable population due to a high degree of landscape
fragmentation. On the other hand, generalist mesopredator species may benefit from
agriculturally induced landscape changes due to their ability to exploit various food items
in diverse habitats including ecotones (Crooks and Soulé 1999, Crooks 2002).

The maintenance of linear field margins in a landscape fragmented by intensive agriculture
can have considerable conservation value for mammalian carnivores; however, despite
some studies in North America documenting the importance of corridors for these
predators (Gehring and Swihart 2003; Hilty and Merenlender 2004), surprisingly,
preferences for these landscape structures have not yet been explicitly tested in Europe.
The basic aim of this paper is to test the hypothesis that narrow (2-12 m wide) strips of
shrubby vegetation and dense long-stemmed grass leading through mowed hayfields are
more likely to be used by mammalian predators than the surrounding hayfield matrix in
Central European landscapes fragmented by intensive agriculture. To study this, a scent
station survey based on a non-reward method with two temporal replications was used. The
qualities of particular corridors, such as width or the character of vegetation cover, have
previously been shown to affect the densities and diversity of species using them

(Laurance and Laurance 1999; Hilty and Merenlender 2004). Therefore as an additional
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step, we analyzed the effect of corridor character on the probability of its use by various

carnivore species.

Materials and Methods

Study Area: The study site encompassed an agricultural landscape located in the Ceské
Budg&jovice basin (48.57 N, 14.28 E), Doudlebia, Czech Republic. The region has a gently
rolling topography (with altitudes ranging from 350 to 550 m) and consists of a mosaic of
agricultural fields, hayfields, fish ponds, small secondary coniferous or mixed forest
patches, all connected by a web of corridors crossing through the hayfields. These
hayfields are entirely drained and reseeded with species such as Lolium sp, Phleum sp,
Festuca sp, Dactylis sp and mowed twice a year, resulting in short vegetation cover (range
15-40 cm) during our experimental treatment.

Corridors in our study area are linear and relatively narrow (2-12 m wide) strips of
vegetation situated along ditches that drain the surrounding hayfields. The vegetation
within corridors consists primarily of dense long-stemmed grasses (Calamagrostis sp.,
Festuca sp., Arrhenatherum sp., > 60 cm high), that exceed the maximum height of
hayfield vegetation. Also, they are usually covered by shrub or tree canopy dominated by
species such as Prunus spinosa or Salix sp., although the proportion of corridors covered
by woody vegetation varies considerably (range: 0-100 % of corridor length covered by

woody vegetation).

Scent station survey: We constructed scent stations by clearing 1x1 m areas of debris and
grass and covering them with a 2 cm thick layer of fine-grained masonry sand. A 1.5 ml
micro centrifuge tube containing an attractant was attached to a wooden stick and placed in

the centre of each scent station about 15 c¢m above the sand. Since our intention was to
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analyze predator responses to relatively fine landscape structures on a small spatial scale,
domestic rabbit urine, a mild attractant (Linhart and Knowlton 1975), was used to avoid
luring animals from greater distances.

Mammalian predators were identified based on footprint dimensions and shape
characteristics (Andéra and Horacek 2005). We were unable to distinguish between the
ermine (Mustela erminea) and least weasel (M. nivalis) in three cases. Due to similarities
in habitat preferences and other aspects of their ecology (Johnson et al. 2000; Mitchell-
Jones et al. 1999) these species were treated as ‘small mustelids’ in subsequent analyses.
Domestic dog footprints (Canis lupus familiaris, four cases), footprints that did not allow
us to distinguish between red fox (Vulpes vulpes) and domestic dog (two cases), and tracks
which we were not able to specify to genus level (two cases) were excluded from the
dataset; these deletions did not qualitatively affect the results (see Appendix 1 for further

details).

Corridor vs. hayfield matrix preferences: To test the hypothesis that carnivores perceive
and preferentially use corridors in comparison with the surrounding hayfield matrix, 20
pairs of scent stations were created (Fig 1). For each pair of scent stations, one was placed
within a corridor and the second in the adjacent hayfield, 50 — 150 m away from the
corridor scent station. To minimize the visitation of multiple scent stations by a single
individual the minimal distance between each pair of scent stations was 250 m (mean =
570 m, see Gehring and Swihart 2003); consequently, the study area encompassed 35 km”.
We avoided placing scent stations in the immediate proximity of artificial water bodies that
occur in the study area (fish ponds with size 0.5-20 ha, depth usually < 2 m, used for carp
(Cyprinus carpio) production), as these could represent a movement barrier to carnivores.

All experimental corridors were surrounded by hayfield patches on both sides, and thus
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carnivores were able to use both habitats for movement. Scent stations were exposed
during 5 successive rainless nights in October 2005 and June 2006. The presence of tracks

was checked every morning, resulting in a total of 400 station-nights.

Corridor characteristics: The original set of 20 corridor scent stations used in the first
experiment was increased by 17 in spring 2006 which were placed in an extended area
(total study area covered 95 km”). We used these extra scent stations to increase the sample
size in analyses of the effect of corridor characteristics on predator occurrence. Therefore,
this subset of data consisted of only one temporal replication (spring 2006) and were not
grouped with control hayfield scent stations.

For each corridor segment (200 m) with a scent station, we estimated the proportion
covered by shrubs (height < 5 m) and trees (height > 5 m). Only a slight positive
correlation between these variables was detected (r = 0.34). The width of the corridor was
measured at the position of the scent station, although widths were fairly consistent along
the entire corridor length, ranging from 2 to 12 m in our study. Although this range is
relatively narrow, in general it is a good representative of linear strips of vegetation
intersecting hayfields, not only in the studied locality but in the Czech Republic as a

whole. Corridors exceeding this range occur relatively rarely.

Statistics

Corridor vs. hayfield matrix preferences: Multiple detections of the same carnivore
species during the 5 exposure days at a particular scent station may be caused by the same
individual, providing no additional information. Therefore, we treated occurrence of a
particular carnivore species as a binary response variable (present or absent during the 5

days). Small mustelid species typically occupy relatively small home ranges (Johnson et al.
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2000). Corridors could therefore represent a large proportion of small mustelid territory,
rather than an opportunistically exploited landscape structure (e.g. MacDonald ef al. 2004).
Consequently, we treated this group as a separate level in the analysis since the majority of
scent station visits were ascribed to them (see below), which could bias the general
conclusions of our experiment. We considered the domestic cat as a separate level in the
analysis since it represents a non-native predator which is usually more closely associated
with human habitation and may therefore exploit natural resources only opportunistically.
The remaining carnivore species could not be considered separately in the analysis since
their detection rates were low. A detailed list of species corresponding to individual species
groups is available in Appendix 1.

To avoid spatial pseudoreplications (scent stations placed in a corridor and hayfield were
paired and checked twice, during the spring and autumn), we used a Generalized Linear
Mixed Model (GLMM) with a logit link function, assuming binomial distribution to fit our
data (Bernoulli trial, i.e. predator absence vs. presence), as implemented in R 2.6.0.
software. The model contained a random effect specified as scent station identity nested in
a scent station pair. Habitat type (hayfield vs. corridor), species identity (coded as a three-
level factor; 1. small mustelids, 2. domestic cat, 3. remaining carnivore species), temporal
replication (spring vs. autumn) and the interactions between these variables were included
as fixed effects in the analysis.

We evaluated the consistence of habitat preferences across species levels as the interaction
between habitat type (hayfield vs. corridor location of the scent station) and species
identity. Nevertheless the statistical non-significance in this case can be due to limited
sample size (i.e. low statistical power); therefore, we performed three separate analyses for
individual species levels in the next step; i.e. absence/presence of 1. small mustelids 2.

domestic cat or 3. remaining carnivores included as the response variable in these analyses.
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The GLMM approach provides approximate results especially in cases when sample size is
low (see Faraway 2006). Therefore, to confirm the robustness of GLMM analyses, the
McNemar Test was used to test for disproportional use of corridor and hayfield scent
stations. Particularly, we used the McNemar Test to test if the number of corridor scent
stations that were visited by at least one carnivore individual or that were unvisited during
the whole experiment (10 day exposure) differs from the number of visited vs. unvisited
hayfield scent stations. The same analyses were also performed separately for individual
species levels (i.e. number of visited vs. unvisited scent stations by small mustelids,
domestic cat and remaining carnivores).

Backward elimination of the non-significant terms in the GLMM was used to select the
best minimal adequate models (MAM), i.e. the most parsimonious ones with all the effects
being significant (Crawley 2007), eliminating at first non-significant interactions and then
subsequently non-significant main effects. The significance of a particular explanatory
variable was based on the change in deviance between the model containing this term and
the reduced model. There was no hint of overdispersion in fitted models; thus we assumed
ay’ distribution of difference in deviances, with degrees of freedom equal to the difference
in the degrees of freedom between the models with and without the term in question
(Crawley 2007).

Various carnivore species may be attracted to the same locality due to higher food
recourses (Salek et al. in prep). On the other hand, aggressive interspecific interactions
often occur among carnivores. Both these mechanisms may result in correlated (positively
or negatively) cross-species visits of scent stations. To address this point, we tested the
non-independence of visits at a corridor scent station by individual carnivore groups using
the GLMM model with Poisson error distribution. A vector of observed counts

corresponding to all possible combinations of absence or presence of individual carnivore
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groups was included as a response variable (8 possible combinations). For each element of
the response, absence or presence of an individual species group was coded as three
separate factorial explanatory variables (i.e. small mustellids, domestic cat and remaining
species). Identical scent stations were sampled two times, thus scent station identity was
included as a random effect. The non-independence of visits was tested by evaluating the
significance of interaction between explanatory variables (i.e. Crawley 2007).

We further tested for spatial randomness of the corridor scent stations visits. At first,
distances between the two nearest corridor scent stations that were visited by the particular
species groups (1. all carnivores regardless of species identity, 2. small mustelids, 3.
domestic cat, 4. remaining carnivores) were estimated according to geographical
coordinates. In the next step, the number of scent stations that corresponded to the total
number of scent stations visited by the particular species group was randomly selected out
of all 20 corridor scent stations. This randomization was repeated 100 times and nearest-
neighbor distances between randomly selected scent stations were calculated in each step.
Finally, real and simulated distances were compared using T tests. There were was no hint
of spatial non-randomness in the scent station visits (i.e. distances between visited and

simulated scent stations pairs were comparable in all four cases, P > 0.1).

Corridor characteristics: The effect of corridor characteristics on the probability of its
visitation by carnivores was tested using GLMM. Carnivore presence or absence was
included as a binary response variable in the model. As outlined in the previous section,
species identity was included as a three-level factor (1. small mustelids, 2. domestic cat
and 3. remanding carnivore species) in the analysis. The proportion of the corridor covered
by shrubs and trees, corridor width, and two-way interactions between variables were

included as explanatory variables in the model. Corridor identity and season were included
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as random effects. Three separate models for individual species levels were also performed
in the next step. We used log transformation in the case of corridor width and arcsine
transformation in the case of proportional data to achieve normality of the response
variables. Data transformation, however, did not affect the results of the analysis. The
procedure of minimal adequate model selection was identical to that in the first

experiment.

Results

Corridor vs. hayfield matrix preferences: During the 400 station-nights (20 corridor and 20
hayfield stations checked for 5 nights during autumn 2005 and summer 2006), 36 carnivore
scent stations visits were detected. Species detected during the scent station survey
included domestic cat (Felis catus), red fox (Vulpes vulpes), polecat (Putorius spp.),
ermine (Mustela erminea), least weasel (M. nivalis), and marten (Martes spp.). The
detailed list of the number of visits recorded for individual species is given in Appendix 1.
Carnivore visits predominated in corridors (35 visits), compared to hayfields (1 visit; see
Fig 2).

A higher proportion of visited corridors compared to visited hayfield scent stations was
confirmed by the GLMM model (Table 1) and the McNemar Test (y° = 12.07, p < 0.001).
The non-significant interaction between species identity and habitat further suggests a
consistent preference for corridors regardless of species identity (Table 1). On the other
hand, the significant interaction between species and temporal replication indicates non-
consistent fluctuations of individual species groups in temporal replications.

When performing separate models for particular species groups, corridor scent stations
showed significantly higher probabilities of having a visit compared to hayfields in all

cases (Table 1). The significance of these differences was confirmed using the McNemar
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Test to compare the proportion of visited vs. unvisited scent stations for corridors and for
hayfields (* = 6.75, p = 0.009 for small mustelids, y° = 4.17, p = 0.041 for domestic cat
and y° = 3.2, p = 0.074 for remaining carnivores). The number of visited scent stations
remained constant in spring 2006 compared to autumn 2005 in the case of small mustelids;
however it was significantly lower for domestic cat (0 vs. 6 scent stations visited, Table 1).
A similar although insignificant decrease was observed for remaining carnivore species (4
vs. 1 scent stations visited).

There was no inter-dependence of carnivore presence or absence at a particular scent
station during two subsequent temporal replications. This was valid when analyzing both
all carnivore visits (D.f. = I, = 1.53, p > 0.2) or just small mustelids (D.f = I, y/ =
0.32, p > 0.5).

The non-significant interaction terms in the contingency GLMM between small mustelids
and domestic cat (A D.f. = 1, * = 0.85, p = 0.355), between domestic cat and remaining
carnivores (A4 D.f. = 1, y* = 1.21, p = 0.270), between small mustelids and remaining
carnivores (A D.f. = 1, * = 3.24, p = 0.072) and between all three species levels (4 D.f =
1, 7 < 0.01, p = 1.000) do not indicate an independence of visits. Our data thus do not

reveal correlations among visits of individual scent stations by various carnivore groups.

Corridor characteristics: Using data from the 37 scent stations, our study did not detect
any significant association between the measured corridor features (shrub and tree cover,
corridor width) and its exploitation by carnivores. None of these variables, either alone or
in interaction with each other, explained predator occurrence (A4 D.f = 1, ° < 1.65, p >
0.2 for all explanatory variables and their interactions). Qualitatively, the same results were
obtained when performing separate analyses for individual species levels (all 4 D.f. = 1,

7 <260, p>0.1).
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Discussion

Our data show that all carnivores in fragmented agricultural landscapes tend to perceive
and use corridors with higher probability compared to hayfield matrix. Most visits of scent
stations were ascribed to small mustelids. This fact might bias our general conclusions
about corridor use by mammalian carnivores, since small mustelids often exhibit strong
preferences for liner structures in agricultural landscapes (e.g. MacDonald ef al. 2004).
Nevertheless, significant preferences for corridors were revealed even when small
mustelids were excluded from the dataset, for both domestic cat and remaining carnivores.
In addition, or data do not indicate an interspecific dependence of scent station visits. Such
dependence might be expected, for example, if interspecific agonistic interactions constrain
the spatial distribution of carnivores (negatively correlated visits, e.g. Palomeras & Caro
2005), or, on the other hand, if different carnivore species tend to exploit the same patches
due to enhanced prey densities (positively correlated visits, e.g. Kurki et al. 1998).
Although our results are consistent with recent studies that have reported a much higher
probability of carnivore occurrence in corridors compared to a surrounding vineyard (11
times higher) or crop field matrixes (4 times higher) in a North American landscape
(Gehring and Swihart 2003; Hilty and Merenlender 2004), the almost complete lack of
mammalian carnivores in hayfields in our study area is striking. Most grasslands areas in
the Czech Republic (as well as in many other European countries) are subject to intensive
landscape management practices which are financially supported by European Council
Regulation (EC) No 1698/2005. In most cases, farmers in the Czech Republic are asked to
mow grasslands at least twice a year in order to receive financial support. For carnivores,
this management practice results in poor vegetation concealment and low abundance of
potential prey (rodents; Salek et al. unpubl data) in almost all grasslands areas in the Czech

Republic for a large part of the year. Although hayfield mowing might have some positive
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effects on the native biota, such as temporarily improved foraging opportunities for some
species (Atkinson et al. 2004, Wuczynski 2005), the low frequency of hayfield visits
compared to undisturbed corridors indicate that frequent grass mowing may actually
transform grasslands into unfavorable habitats for animal taxa such as mammalian
carnivores. However, since our data do not directly test the hypothesis that regularly
mowed grasslands are avoided by mammalian carnivores, further research is required.
Contrary to several previous studies (Arnold 1983; Laurance and Laurance 1999; Hilty and
Merenlender 2004), we failed to detect any indication that differences in the structure of
vegetation cover or corridor width alter the probability of corridor visits by carnivores. The
only study that has previously addressed this topic for mammalian carnivores reported
stronger preferences for wider (360-1450 m wide) than for narrow corridors (1-28 m wide),
and for corridors covered by trees (Hilty and Merenlender 2004). However, the width of
corridors in our study was probably below the threshold necessary to for the effect of width
to be reflected in the occurrence of mammals. In addition, the structure of vegetation cover
of corridors in our locality is comparable to forest/arable landscape edges (i.e. a higher
density and diversity of both shrubs and herbaceous cover). Carnivore species detected
during our study tend to exhibit habitat preferences for habitat edges compared to forest
and hayfield interiors (Salek et al. unpubl. data, Svobodova et al. unpubl. data).
Consequently, if predators perceive corridors as an edge structure, they may use corridors
preferentially regardless of their width.

Carnivores exploit linear structures primarily due to the elevated abundance of potential
prey, especially birds (Arnold 1983; Vickery et al. 2002), small rodents (Tattersall et al.
2002; Salek et al. unpubl. data), or invertebrates (Frank 1997), compared to the
surrounding agricultural matrix. However, prey densities generally vary according to

corridor width and vegetation cover (Arnold 1983; Green et al. 1994; Kotzageorgis and
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Mason 1997). Therefore, the lack of an association between the corridor character and its
use by carnivores observed in our study could indicate that linear structures may also serve
primarily as movement corridors, providing more effective and less costly dispersal
between disconnected patches of preferred habitats (e.g. Dunning, et al. 1992; Rosenberg
et al. 1998).

Although our data indicate that corridors are important for mammalian carnivore
populations, this point should be the subject of closer scrutiny. One potentially fruitful
approach might be to evaluate the use of corridors and other landscape elements on large
spatial scales in varying landscape contexts (i.e. different proportions of unfavorable
landscape matrix). Previous theoretical contributions have demonstrated that the area of
patches of natural habitats should not decrease below a particular minimal size to maintain
a viable population, implying the strong importance of geometrical arrangement of habitats
patches in landscapes suffering intense natural habitat loss (e.g. Fahing 1998, Flather and
Bevers 2002). Consequently, given that corridors moderate the effect of habitat loss via
interconnection of spatially separated habitat patches, one can expect that their importance
should increase with increasing proportion of unfavourable matrix in landscapes.

The impact of carnivores on populations of their prey and on ecosystem stability has been
widely recognized. Particularly in agriculture landscapes, carnivore populations are
involved in the regulation of the intensity and frequency of vole (Microtus sp.) outbreaks
(Delattre et al. 1992, 1999). For example, Delattre et al. (1992) showed that crop damage
correlates negatively with the proportion of land covered by forest patches that serve as
refuges for mustelids, suggesting that landscape composition management should be
involved in pest control. In line with these findings, our data indicate an enhanced
exploitation of broader zones of agriculture matrixes by carnivores due to the presence of

corridors, suggesting that maintenance of linear strips of vegetation in arable landscapes
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may indirectly help to partly mitigate the negative effect of small rodents on crop
production. However, a more detailed evaluation is necessary.

On the other hand, conservation of agricultural landscapes is often focused on enhancing
linear habitats along field margins to increase biodiversity (Boatman et al. 1999); yet, the
question of whether this is really an efficient strategy compared to alternative practices
(e.g. set-asides) has been poorly evaluated. Despite the increased diversity of several
animal taxa in linear patches compared to agricultural matrixes (Arnold 1983; Frank 1997;
Gehring and Swihart 2003; this study), a recent study found only negligible differences in
the abundance and diversity of a small mammal community between linear and non-linear
patches in an agricultural landscape (Tattersall et al. 2002). Linearity could even have
some adverse effects on animal communities such as song birds. The elevated probability
of predator presence in linear structures, as demonstrated in our study, may lead to
increased predation pressure on bird nests (Haensley ef al. 1987; Major et al. 1999,
Willson et al. 2001; but see Zuria et al. 2007), due to more predictably distributed prey,
and consequently a more effective mammalian predator searching strategy in linear versus
non-linear patches (e.g. Seymour et al. 2004).

In conclusion, our study shows that the maintenance of corridors may be an efficient
management practice to preserve carnivore populations in intensively-used agricultural
landscapes. However, high densities of predators in linear habitats may have adverse
effects on native prey communities due to elevated predation, a subject which requires

further research.
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Table 1: GLMM fitting results for the probability of the detection of particular carnivore

groups at scent stations. Significance values correspond to deletion tests. Factors included

in the minimal adequate model for each carnivore group are in bold print.

all species small mustellids domestic cat remaning species
fixed effect ? df ¥ p X p X p X p
species 2 4.14 0.126 - - - - - -
temp. rep. 1 2.53 0.116 0.45 0.503 9.38 0.002 2.18 0.139
habitat 1 2577 <0.001 1119 0.001 9.38 0.002 7.4 0.007
species x temp. rep. 2 9.2 0.01 - - - - - -
species x habitat 2 0.23 0.893 - - - - - -
temp. x rep. habitat 1 2.16 0.142 1.09 0.297 <0.01 0.999 <0.01 0.999

“ Fixed effects: Habitat - corridor vs. hayfield location of a scent station, Species - small

mustelids vs. domestic cat vs. remaining carnivores (not included when analyzing data for

individual species), Temp. rep.- temporal replication, autumn 2005 vs. spring 2006.
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Czech
Republic

Figure 1. Distribution of corridors and spacing of scent station pairs (corridor and hayfield)

in the study area Doudlebia, the Czech Republic during the first experiment.
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Figure 2. The proportion of corridor (black bars) and hayfield (grey bars) scent stations

that were visited at least once by a particular carnivore group during the entire experiment

(autumn 2005 + spring 2006 temporal replication, 10 days of exposure; multiple visits of

the same scent station were not taken into account).
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Abstract

Several mechanistic explanations have been suggested to explain increased
predation along habitat edges. Most studies have examined increased predator
activity along edges as an explanation for these edge effects, but have not, however,
been able to explicitly test the hypothesized mechanisms. In this study, we
simultaneously measured the distribution of mammalian predators, the predators’
main prey (small mammals) and predation rates on simulated nests in four types of
landscape elements corresponding to an edge gradient between two habitat types;
grassland and forest. We found a contrasting pattern in carnivore habitat preferences
between years. Whereas carnivores did not exhibit a significant habitat preference
along the forest-grassland edge in the first year of monitoring, they were more likely
to be detected along habitat edges in the subsequent year. Our results do not suggest
that the increased activity of carnivores at habitat edges arises as a consequence of
predator overflow from higher quality habitat through the edge into lower quality
habitat, but showed that most predator species focus their activity specifically to the
edge structure. We further discuss the possibility that the year-to-year variation in
carnivore habitat preferences might be caused by a variation in small mammals
abundance.

We did not find a clear relationship between carnivore activity and artificial nest
predation, because other nest predators like corvids and wild boar which were not

detected by scent stations contributed to nest losses.

Key words: ecotone, edge effect, nest predation, habitat fragmentation,

mesopredators
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Introduction

Anthropogenic habitat fragmentation primarily includes reductions in patch size,
increases in patch isolation and increases in the proportion of habitat edges to
interior. These landscape changes often alter ecological processes, which result in
the altered distribution of many species. High rates of fragmentation can lead to
declines in population density and even to species extinction (Donovan et al. 1995).
Small isolated populations are particularly less resistant to disturbances (Brown and
Kodric-Brown 1977; Gilpin and Hanski 1991). Moreover, they may not be able to
sufficiently withstand environmental changes due to the deleterious effects of
inbreeding (Frankham 2005).

In addition, the negative impacts of fragmentation are also associated with changes
to the structure and density of predator communities (Chalfoun et al. 2002b).
Fragmented landscapes generally maintain a higher numbers of predators,
particularly mammalian mesopredators (e.g., Crooks and Soulé 1999) and corvids
(Corvidae), compared to non-fragmented habitats. This often results in increased
nest predation, mainly along edges (edge effect e.g., Andrén 1992) or within small
fragments (e.g., Crooks 2002, Winter et al. 2006). Consequently, enhanced
predation often lowers the reproductive success of locally breeding birds (Crooks
and Soulé 1999) and may lead to population declines of birds throughout entire
geographic regions (Schmidt 2003, Wilcove 1985).

Despite the considerable conservation and predictive value of many previous
studies, relatively little attention has been paid to the mechanisms underlying
increased predation along habitat edges. Several mechanistic explanations have
been suggested for this phenomenon, assuming a generally causal link between
differences in habitat specific resources and predator occurrence (Ries et al. 2004,

Ries and Sisk 2004): (i) A neutral (no) predator response to an ecotone gradient is
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predicted if there is no variation in resources (resources are supplementary) between
both habitats. This represents the null model. (ii) If predator abundances vary
between two habitats due to qualitatively different resource availability (say e.g.,
H+ and H-), penetration of predators from the habitat interior with more abundant
predator fauna (H+) into the second habitat (H-) may cause a gradual gradient of
predation through the transect between adjacent habitats (the matrix effect senzu
Lidicker 1999, see also Andrén 1995, Wilcove 1985). (iiiA) However, if a habitat of
lower quality contains complementary (qualitatively different) resources, the
predator specialists typical for one habitat may mix with predators typical for the
second habitat because both types of resources are more available near the edges.
This results in increased abundance and species richness of predators along edges,
which may cause potential prey (e.g., bird nests) to be exposed to higher predation
pressure. (iiiB) A similar scenario will occur if adjacent habitats are of equal quality
but contain complementary resources. (iv) Increased predation pressure does not
necessary have to arise through the mixing of interior specialists along habitat edge
as was suggested above. At least some predator species can be edge specialists that
may prefer edge structures per se due to concentrated and/or complementary
resources and/or due to effective displacement along habitat edges (i.e. the “travel
line hypothesis”; Bider 1968; (iiiA, B, iv) ecotonal effect).

Although many studies have detected increased predation pressure along the edges
of various habitat types (e.g., Bayne and Hobson 1997, Dijak and Thompson 2000,
Donovan et al. 1997, Malt and Lank 2007) only few of them were able to explicitly
test the competing mechanistic explanations of the edge effect as outlined above.
This is might be due to drawbacks associated with the experimental design. First,
gradient in the predation risk was often not registered along the entire edge gradient

(i.e., in the habitat edge and both adjacent habitats; Albrecht 2004, Chalfoun et al.
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2002a, Heske 1995), which means that it was not possible to determine if the edge
effect arose as a consequence of predator penetration into adjacent habitat or due to
the specifically enhanced activity of edge specialist predator species along habitat
edge. Second, since most studies did not collect data on prey distribution (e.g.,
Dijak and Thompson 2000, Donovan et al. 1997, Hilty and Merenlender 2004),
habitat qualities could not be sufficiently evaluated. Third, most studies often failed
to reliably determine particular predator species (e.g., Huhta et al. 1998,
Pasitschniak-Arts and Messier 1995b, Storch et al. 2005). Therefore, they could not
detect if the edge effect arose due to the presence of “edge specialist predators” in
habitat edges or solely due to exploitation of the habitat edge by specialists from
both habitat interiors.

Surprisingly little attention has been paid to an evaluation of mechanisms
underlining mammalian carnivore distributions along habitat edges in fragmented
landscapes, even though the significance of their contribution to altered predation
patterns in human modified landscapes has already been demonstrated (Crooks and
Soulé 1999).

The aim of this study is to test mechanisms resulting in the emergence of the edge
effect in a landscape fragmented by agriculture in Southern Bohemia, the Czech
Republic. To do this, we simultaneously studied the distribution of mammalian
predators, the distribution of small mammals (dominated by various rodent species
in our locality) as the main prey (Goszczynski 1986, Lanszki and Heltai 2007,
Lanszki et al. 2007, Martinoli et al. 2001), and predation rates on simulated nests in
four types of landscape elements corresponding to an edge gradient between two
habitat types. “Interior habitats” consisted of secondary mixed forest and hay-
producing meadows. Following the definition of Lidicker (1999), “edge habitats”

comprised the borderline part of forests and the borderline of meadows. Our
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experimental design enabled us to confront empirical data with predictions
underlining the alternative hypothetical mechanisms leading to the edge effect as
discussed above: (i) A neutral predator response to an ecotone gradient, as a
consequence of no variation in habitat specific resources, is considered to be the
null model. (ii) If the edge effect is caused by predators typical for farmland (or
alternatively for forest) which penetrate to forest edges (or farmland edges), there
would be expected a gradient of decreasing predator abundance and simultaneously
decreasing predation rate from the core of the first habitat, across the edge of the
first and second habitat, to the core of the second habitat (i.e., the matrix edge effect
is a sufficient explanation for the observed predation gradient; Lidicker 1999). In
contrast, the following two hypotheses predict that predator abundances will be
enhanced in edge habitats (ecotonal effect; Lidicker 1999): (iii) If edge effect arises
due to a mixture of matrix interior specialists typical for forest and agricultural
habitats within their edge, one would expect higher predator abundance and richness
there. (iv) Finally, if the edge effect arises due to prevailing edge specialists in
fragmented landscapes, then at least some predator species will be more abundant in
edge habitat than in core habitats. A relationship between the distribution of
carnivore activity and nest predation can be expected, though nest predation by

mammalian predators is mostly incidental (Vickery et al. 1992).

Study area and methods

The study area was situated in Southern Bohemia (the Czech Republic) in the
Pisecké hory Mits. region (49°11" — 49°18" 14°09" — 14°22’, 350 a.s.l., 60.3 km?).
The area was formed by a complex of coniferous, deciduous and mixed production

forests surrounded by farmland consisted mostly of hayfields, extensively used
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pastures, and cultivated fields that were partitioned by line habitats such as shrub

and tree growth along draining channels and roads (see below).

Carnivore sampling design
The spatial distribution of mammalian predators was studied using scent stations
during May 2006 and 2007. In total, 80 scent stations were installed both years at
the same localities (n = 20), with four habitat types represented: 1) grassland
interior, 2) forest interior (interior scent stations were set up 100 m away from the
nearest forest/grassland edge), 3) grassland edge and 4) forest edge (edge scent
stations were set up in a 5 m wide margin strip of grassland or meadow immediately
adjoining the forest/meadow border). Whereas the minimum distance between
adjacent scent stations within a locality was 100 m, the minimum distance between
neighbouring localities was 300 m in order to achieve independence of the replicate
sites (e.g., Gehring and Swihart 2003). In order to ensure predefined habitat and
distance criteria for scent station positions, sites were prior selected using digitized
aerial ortho-photo-maps of the study area using GIS software (ArcView GIS 3.2a).
All habitats studied were highly modified by agriculture and other human
activities, as described below:
1. Grasslands mostly consisted of production hayfields and extensively used
pastures. Hayfields were almost entirely drained and reseeded with competitive
nitrogen-demanding species such as Lolium multiflorum, Phleum pratense, Festuca
pratenis and Dactylis glomerata.
2. Forests were composed of intensively managed stands; the tree canopy was
typically dominated by conifers (Picea abies and Pinus sylvestris), with occasional

broad-leaved tree species such as oak (Quercus spp.), birch (Betula pendula) and
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beech (Fagus sylvaticus). Shrub and herbal undergrowth was very sparsely
developed.

3. Forest edges were usually fringed with oak, linden (7ilia spp.) and managed-
stand trees such as spruce, pine as well as poplar (Populus spp.) and birch. The
shrub layer was usually dense, consisting mainly of shrubs (Corylus avellana,
Prunus spinosa) and saplings of canopy trees. This habitat type was also
characterized by dense and diversified herbaceous vegetation mainly originating
from the nearby grassland.

4. Grassland edge vegetation was sparsely developed in comparison to grassland
interior hayfields, but the species composition was mostly identical.

For the purpose of this study, scent stations were constructed as a 1x1 m
square filled with a 2 cm thick layer of fine-grained masonry sand. To analyze
predator distribution on a relatively small spatial scale, and hence to avoid alluring
animals from greater distances, domestic rabbit urine was used as a mild attractant
(Linhart & Knowlton 1975). Rabbit urine in a 1.5 ml microcentrifuge tube was fixed
to a wooden stick and placed in the centre of each scent station, approximately 15
cm above the ground. Scent stations were monitored every morning for five
consecutive days.

Mammalian predators were identified according to the size and shape of
their footprints (Andéra and Horacek 2005). Since closely related species were
difficult to distinguish from each other, the following predators were classified: red
fox (Vulpes vulpes), marten (Martes martes and M. foina), small mustelid (Mustela
nivalis, M. erminea), western polecat (Mustela putorius), european badger (Meles

meles), domestic cat, domestic dog, and unidentified carnivore.

Distribution of small mammals
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To estimate prey distribution, we examined the abundance of small mammals
during the same years using random subsample of the same localities (8 in total) as
in the mesopredator survey described above, including all four habitat types. Small
mammals were captured using regular snap traps which were baited with wicks
dipped in fat and flour. At each of eight localities, traps were placed in 4 lines of 35
traps each, with 5 m between traps (so the total length of each line was about 175
m). Thus, a total of 1120 traps were set each year (8 localities, 4 lines per locality,
with 35 traps per line). . Since the trap efficiency can be affected by the capture
from the previous day, all traps were set for 24 hours. Trap lines were positioned

using similar habitat and distance criteria as for the scent stations (see above).

Nest predation

Nests predation was investigated using experimental nests at the beginning of May
in 2007. Artificial ground nests were evenly distributed in the same four habitat
types as for scent stations (grassland and forest interiors, grassland and forest
edges). In total, 240 nests were concurrently installed in 60 localities representing
all four habitat types. All habitat and distance criteria for nest positions were the
same as for scent stations (see above). Since nests were exposed during the same
time as scent stations, a minimum distance between neighbouring nests and stations
of 300 m was used.

The artificial nests were constructed by digging small ground depressions,
and then lining them with small amounts of dry plant material resembling the nest
linings of ground nesting birds such as pheasant (Phasianus colchicus) or grey
partridge (Perdix perdix, Hudec and Stastny 2005). Each nest was baited with two

domestic hen eggs, one of which was filled with wax for predator identification
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(Pasitschniak-Arts and Messier 1995b). Wax eggs were anchored in the nest pits
with a string and nail in order to prevent predators from carrying them away.

Each nest was checked after a 14-day exposure period. A nest was
considered depredated when at least one of the two installed eggs was damaged,
removed from the nest bowl or missing. Nest predators were identified by beak or
tooth marks left on the wax eggs, which were compared with marks simulated using
the skulls of potential mammalian predators (Nour et al. 1993). The following
categories of experimental nest predators were distinguished: red fox, marten,

corvid, small mammals, unidentified mammal, and unidentified predator.

Data analysis

The effect of habitat type on the distribution of mammalian predators (and predation
risk) was evaluated using a generalized linear model with mixed effects (GLMM),
with a predator visit to a scent station as the dependent variable. Since a scent
station could have been repeatedly visited by the same predator during the five days
of exposure, the predator visit variable was fitted as variable binary response
variable (present/absent). In addition, habitat type, effect of year and locality were
included in the model. The habitat type and year were considered as fixed effects,
To avoid spatio-temporal pseudoreplications the locality was included as a random
effect nested to the year of the study.

The distribution of nest predation and small mammals were also analysed using a
GLMM. Whereas the fate of experimental nests was tested as a dependent variable
with binomial distribution, numbers of captured small mammals in the lines of 35
traps were analysed assuming a Poisson distribution of errors. Similarly for both

models, habitat type was fitted as a fixed effect and locality (nested to the year of
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the study) as a random effect. Since small mammal distributions were investigated
during two breeding seasons, the effect of year was also included in the model.

In all analyses, the significance of both explanatory variables and their way
interaction, was calculated by a change of deviance between the model containing
particular term and the reduced model (deletion tests; Crawley 2002). The best
minimal adequate model (MAM - the model with the lowest parsimony and all
variables being significant) was achieved by backward elimination of non-
significant effects. All analyses were performed in R 2.6.2 software.

The mechanism leading to the emergence of the edge effect was assessed by pooling
specific levels of habitat type (posterior tests; Crawley 2002). To test predator
preferences for ecotones, interior habitats and edge habitats (i.e., grassland edge +
forest edges and grassland interior + forest interiors) were pooled, respectively.
Then, by pooling grassland interior with grassland edge and forest interior with

forest edge, it was tested if predators penetrate from habitat interiors to the edges.

Results

Mesopredator distribution

We recorded 70 visitations by seven predator species during 800 station-nights (8.8
% +/- 0.07 SE visitation probability per night, Table 2). The species with the highest
visitation rates included house cat (Felis silvestris catus, 17x), small mustelids
(10x), red fox (10x) and domestic dog (Canis lupus familiaris, 8x). However, since
dogs usually follow the movement of their owners and are assumed to not contribute
considerably to nest predation in our locality, they were excluded from subsequent
analyses. Nevertheless, this exclusion of domestic dog did not affect the conclusions

of further statistical analyses.
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We found a significant interaction between year and habitat type (Table 4, Fig 1.),
suggesting inconsistent habitat preferences over time. Although predator visits to
scent stations were slightly higher in 2007 (30 %) than in 2006 (22.5%), the year
main effect was not significant after eliminating the year vs. habitat type interaction
from the model (Table 4). On the other hand, deletion of the habitat type main effect
from the model resulted in a significant increase of the residual deviance. Due to the
significance of this year vs. habitat type interaction in the initial model, we further
analyzed differences in the probability of visits to particular localities for each year
separately. Whereas in 2006 no difference was found between particular habitat
types (x> = 0.31, Adf = 3, P = 0.957), in 2007 posterior comparisons revealed that
predators used forest and grassland interiors and forest and grassland edges (y° =
0.37, Adf = 1, P = 0.544), respectively, with comparable intensity. However, the
significant contrast between forest edge and forest interior (3* = 8.16, Adf =1, P =
0.004), and grassland edge and grassland interior (y* = 13.42, Adf = 1, P < 0.001),
indicated that predators had a preference for edges in year 2006. Considering the
activities of particular predator species, domestic cat was the most frequent predator

at grassland edges (Tab. 2).

Distribution of small mammals

In total, 105 small mammals were captured during 2006 and 2007. However, in
2006 the numbers of small mammals were almost 9 times lower (1.4 £ 0.19 SE
numbers per line) than in the consecutive year (11.8 = 0.35 SE numbers per line).
The GLMM model revealed that numbers of small mammals changed significantly
between years and habitat types. However, the interaction between these variables
was insignificant (Table 5). The highest numbers of small mammals were recorded

at forest edges and the lowest in grassland interiors (Fig. 2). Posterior comparisons
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indicated similar small mammal abundance between the interiors and edges of
particular habitats. However, while grassland edge with grassland interior (y° =
0.48, Adf = 1, p = 0.490) were pooled without significant change to the residual
deviance, the contrast between forest edge and forest interior was marginally
significant (x> = 2.994, Adf = 1, p = 0.083). On the other hand, pooling both edges
(x> =27.99, Adf = 1, p < 0.001) and both interiors (y* = 18.29, Adf = 1, p < 0.001),

respectively, led to significant changes to the residual deviance.

Distribution of nest predation

The distribution of nest predation, investigated only in 2007, did not show any
relationships to mesopredator distribution. Predation on experimental nests did not
vary between habitat types (x> = 3.50, Adf = 3, p = 0.321). Fox and small mustelids
were identified as the most frequent nest predators; however, a high proportion of

predators were not classified (70.7 %, Table 3).

Discussion

Increased predation risk along habitat edges is a widely observed pattern, at least in
the northern temperate zone (e.g., Bayne and Hobson 1997, Dijak and Thompson
2000, Donovan et al. 1997, Malt and Lank 2007). This phenomenon, together with
the adverse effects of habitat lost and population fragmentation, has reduced the
viability of many bird populations (Batary and Baldi 2004, Stephens et al. 2003).
However, most previous studies have generally used only proxy measures to
estimate overall predation risk (e.g., nest survival). Our study focused primary on
the distribution of mammalian mesopredators, which are assumed to have serious

effects on songbird populations (Crooks and Soulé¢ 1999, Heske et al. 1999). In
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particular, we focused on the environmental gradient corresponding to the transition
between the interior/edge of two habitats - grassland and secondary forest.
Interestingly, our data show large temporal variation in the contribution of
carnivores to predation risk along the interior/edge continuum. In the first year of
our study, carnivores did not exhibit preferences for any particular habitat type,
suggesting that under some circumstances carnivores do not need to substantially
respond to forest/grassland edges in agricultural landscapes. This result is partly in
support of the null hypothesis (i.e. no response of predators to transitions between
the two habitats). However, a contrasting pattern of predator distribution was found
in the subsequent year. Our data showed, as have many previous studies (e.g., Dijak
and Thompson 2000, Donovan et al. 1997), increased activity of predators
specifically along habitat edges, irrespective of the edge type (forest or grassland
edge). Moreover, predator activity within grassland and forest interiors was
significantly lower and did not differ between both habitat interiors (Fig. 1). Hence,
the possibility that the contribution of mammalian predators to the edge effect is a
result of overflow from one habitat through the habitat edge into a second habitat
(i.e. the spillover model, matrix edge effect senzu Lidicker 1999) was not supported
during the second year. Although the spillover model might be the simplest
explanation of the edge effect mechanism (i.e., increased predation risk along edge
habitats), only few studies have been able to reject this hypothesis, since predation
patterns have rarely been measured across the whole ecotone continuum (but see
Gates and Gysel 1978, Ratti and Reese 1988).

The higher activity of carnivores along grassland/forest edges clearly supports the
ecotonal edge effect model, which suggests the emergent property of predator
distribution across the edge continuum (Lidicker 1999). Consistent with this

conclusion, the tendency of mammalian predators to avoid habitat interiors and at
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the same time to prefer edge structures has previously been demonstrated for a
forest-to-meadow transition in a Central European landscape (Salek et al. unpubl.
manuscript). At least two alternative mechanisms for a specific increase in
predation risk and/or predator abundance at habit edges (i.e. the ecotonal edge effect
model) have been suggested. Firstly, increased predator abundance along an edge
may appear due to the mixture of predator faunas that differ between adjacent
habitats (Ries et al. 2004). Alternatively, some species of predators may focus their
activity specifically to edge structures (i.e. "edge habitat specialist”; Lariviére and
Messier 2000). Our data lends support to this second possibility, because all species
detected in our study tended to more likely occur at the edge of habitats compared to
the interiors. In addition, we found no species that tended to prefer the grassland
interior over the other habitat types.

Although the edge effect model has been supported over the matrix effect model
(Lidicker 1999) by empirical data in several cases (Heske 1995, Salek et al. unpubl.
manuscript, this study), a mechanistic explanation for this pattern still remains
elusive. As recently suggested by Ries & Sisk (2004), increased predation along
habitat edges may be due to a mixture of resources (exploited by predators) that
differ qualitatively or quantitatively between habitats. Alternatively, a high
abundance of resources at least partially specific for habitat edges might be involved
in the process of habitat selection by predators. Densities of small mammals
(rodents) that may form up to 80 % of the diet of mammalian mesopredators
(Goszezynski 1986, Lanszki and Heltai 2007, Lanszki et al. 2007, Martinoli et al.
2001), were previously found to affect habitat preferences of mesopredators in fine
spatial scales (Salek et al. unpubl. manuscript). However surprisingly, our data do
not provide straightforward evidence for an association between the habitat-specific

quantity of food resources and predator distribution. The abundance of small
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mammals was approximately 3-4 times higher in forest compared to grassland
habitats in both year of the study (irrespective if measured in edges or interiors, see
Fig 1). We did not observe the predicted spatial shift in the distribution of
mammalian carnivores, however (i.e. both forest and meadow habitats were visited
with similar intensity). It is necessary to stress that our study did not attempt to
quantify the habitat-specific distribution of alternative food resources that may
complement part of the carnivore diet such as passerine birds, bird clutches,
amphibians or insect. Nevertheless, these resources are usually a less important part
of the diet of mammalian carnivores compared to small mammals (Goszczynski
1986, Genovesi et al. 1996, Lanszki et al. 2007, Martinoli et al. 2001), and most of
these are also likely to be more abundant at forest edges compared to heavily
exploited grasslands (Buse and Good 1993, Flashpohler et al. 2001, Lazaro et al.
2005, Salek et al. in press).

On the other hand, small mammals density was slightly higher at forest edges
compared to forest interiors. Thus, the higher abundance of carnivores at forest
edges might be at least partly explained by the spatial pattern of the distribution of
food resources. Interestingly, carnivores did not exhibit a significant preference for
the forest-grassland edge in the year with low small mammals abundance, whereas
they were more likely to be detected at habitat edges in the year with high small
mammal abundance (with an 8-9 fold increase in small mammals abundance, Fig 1).
This suggests that carnivores switch their search efforts from habitat edges that are
most profitable in years with high small mammals densities to a more diverse
spectrum of habitats that may provide supplementary resources in small mammals -
poor years. As carnivores seek prey in a wider band (Lariviere 2003), increased
activity might also be observed at grassland edges. Alternatively, carnivores may

seek prey only within forest edges, and use grassland edges just for moving between
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preferred landscape segments (i.e. the travel line hypothesis; Bider 1968). However,
our experimental design did not allow us to distinguish between these two
alternatives.

We also attempted to evaluate the contribution of mesopredators to nest predation
risk. However, our artificial nest experiment did not find increased predation risk
along forest-grassland edges in the year when carnivore activity was higher in this
habitat. Hence, we were unable to confirm a clear relationship between carnivore
activity and nest predation risk. Although patterns of predation risk may differ
between real and artificial nests (e.g., Major and Kendal 1996, Zanette 2000, but see
Part and Wretenberg 2001), this apparent discrepancy is rather likely to be caused
by the different community of predators identified by the two survey techniques. In
particular, house cat, the most frequent predator in scent stations at grassland edges,
are not expected to be able to rob eggs (Kays and DeWan 2004). On the other hand,
the activities of other nest predators like jay (Garrulus glandarius), other species of
corvids or wild boar, which are not detected by scent stations, are not directly
influenced by the distribution and dynamics of small mammals.

In conclusion, our study has shown temporal variation in carnivore habitat
preferences which could have been caused by the variation in small mammals
abundance. Our results suggest that the emergence of the edge effect is not
necessarily caused by mesopredator penetration from habitats with higher predator
density into habitats with lower predator density, but that it is caused by predator
concentration along the edge itself. The proximate explanation for higher
abundances of mammalian mesopredators at edges compared to interiors remains
unknown, but possibly includes higher prey availability and/or effective
displacement along habitat edges. Nevertheless, generalizations about predation risk

in fragmented landscapes should also take local predator composition into account,
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because other nest predators like wild boar and corvids can significantly contribute

to nest losses.
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Tab. 1 Visits of individual species to particular habitats. Numbers in parenthesis are

proportions of visited scent stations. In total, 120 scent stations were randomly

distributed within four habitat types (Southern Bohemia in 2006 and 2007).

Grassland Grassland  Forest Forest
interior edge edge interior Total

House cat 2(0.10) 12(0.60) 3(0.15) 0(0.00) 17(0.21)
Red fox 0(0.00) 5(0.25) 3(0.15) 2(0.10) 10(0.13)
Martens 1(0.05) 2(0.10) 1(0.05) 1(0.05) 5(0.06)
Small mustelids 2(0.10)  2(0.10) 4(0.20) 2(0.10) 10(0.13)
Western polecat 0(0.00) 3(0.15) 4(0.20) 0(0.00) 7(0.09)
European badger 0 (0.00) 1(0.05) 2(0.10) 2(0.10) 5(0.06)
Domestic dog 0(0.00) 12(0.60) 1(0.05) 1(0.05) 8(0.01)
Unidentified 1(0.05 4(0.20) 3(0.15) 0(0.000 8(0.01)
total 6 35 21 8 70

Tab. 2 Numbers of small mammals captured along edge gradients in Southern

Bohemia, 2006 and 2007. In each habitat type, 8 lines of 35 traps were installed.

Grassland  Grassland Forest Forest Total
interior edge edge interior
Yellow-necked mouse 1 7 39 26 73
Wood mouse 3 2 10 5 20
Bank vole 0 0 2 3 5
Common vole 4 2 0 0 6
Common shrew 0 0 0 1 1
Total 8 11 51 35 105
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Tab. 3 Numbers of depredated nests by particular predator species for all studied

habitats in Southern Bohemia, in 2007. The number of nests exposed in particular

habitat types is given in parentheses.

Grassland interior ~ Grassland edge Forest edge Forest interior Total
(56) (61) (58) (58) (233)
Red fox 0 2 2 3 7
Small mustelids 1 2 4 8
Wild boar 0 3 1 2 6
Bird 2 2 0 1 5
Mammal 2 0 2 2 6
Unidentified 19 10 18 13 60
Total 24 19 27 22 92
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Tab. 4 GLMMs results for probability of the occurrence of a mammalian predator at

scent stations in Southern Bohemia, 2006 and 2007. Domestic dog was excluded

from the analysis.

Factors Adf AIC x P

Habitat 3 182.39 13.82 0.003
Year 1 191.04 1.17 0.279
Habitat x Year 3 180.61 8.62 0.035

AIC = Akaike’s Information Criterion

Tab. 5 GLMMs results for small mammal abundance in Southern Bohemia, 2006

and 2007.
Factors Adf AIC x P
Habitat 3 119.777 49.73 >0.001
Year 1 157.026 8.48 0.004
Habitat x Year 3 116.703 2.59 0.459

AIC = Akaike’s Information Criterion
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Fig. 1. Proportion of scent stations visited by mammalian predators in particular

habitat types of Southern Bohemia in 2006 and 2007. Domestic dog was excluded

from the analysis. Habitat types where the scent stations were visited with the same

intensity are marked by the same symbols.
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Fig. 2. Mean numbers of small mammals per line (35 traps) in particular habitat

types, Southern Bohemia, 2006 and 2007. Habitat types with similar abundances of

small mammals are marked by the same symbols. The posterior comparison

between forest edge and forest interior was marginally significant.
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Abstract

Waterfow! management on breeding grounds focuses on improving nest success, but few studies have compared waterfow! nest success and
factors affecting nest survival along a wetland gradient and simultaneously identified nest predators. We monitored nests (n = 195) of common
pochards (Aythya ferina) in Trebon Basin Biosphere Reserve, Czech Republic, during 1999-2002. Daily nest survival rates (DSRs, logistic-
exposure) declined from island (0.985, 95% confidence interval, 0.978-0.991) to overwater (0.962, 0.950-0.971) and terrestrial (0.844, 0.759-
0.904) nests. The most parsimonious mode! for DSRs included habitat class (DSRs: island > overwater > terrestrial) and nest visibility. Nest
survival was improved by reduced nest visibility, increased water depth, and increased distance from the nest to habitat edge in littoral habitats.
On islands, nest success increased with advancing date and increased distance to open water, A model of constant nest survival best explained
the data for terrestrial nests. There were no observer effects on DSRs in any habitat. In 2003, artificial nests (n= 180; 120 contained a wax-filled
eqg) were deployed on study plots. The model that best explained variation in DSRs for artificial nests included only 1 variable: habitat class
(DSRs: island > overwater > terrestrial). Mammalian predation of artificial nests (by foxes [Vulpes vulpes] and martens [Martes spp.j) was more
likely in terrestrial habitats than in littoral habitats or on islands. By contrast, corvids and marsh harriers (Circus aeruginosus) prevailed among
predators of overwater and island nests. Our data indicate that artificial islands and wide strips of littoral vegetation may represent secure
breeding habitats for waterfowl because those habitats allow nests to be placed in areas that are not accessible to, or that are avoided by,
mammalian predators. Management actions should be aimed at preserving these habitats. This, along with creation of new artificial islands,
could help to enhance breeding productivity of pochards and possibly other waterfow! species inhabiting man-made ponds. (JOURNAL OF

WILDLIFE MANAGEMENT 70(3):784-791; 2006)
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artificial nests, Aythya ferina, common pochard, Czech Republic, edge effect, nest predators, nest success, observer effect,

waterfowl, wetlands.

Nest predation is a leading cause of reproductive failure in
waterfow] and can reduce nest success by as much as 90%
(Sargeant and Raveling 1992). Hence, factors modulating
variation in nest predation have long attracted the attention of
waterfowl biologists and play a major role in improving
productivity of ducks (Kadlec and Smith 1992). Despite the
important role of nest success in determining annual recruitment
and population dynamics (Johnson et al. 1992), research on this
topic has been largely neglected in Europe.

As a response to selection pressure from predation, waterfowl
have evolved various antipredator tactics, such as nesting in dense
cover (Clark and Nudds 1991), nesting in association with
aggressive species able to repel nest predators (Vidninen 2000),
and spacing the nests over large areas, making each nest more
difficult to detect (Owen and Black 1990). Nesting over water and
on islands, and other tactics, have traditionally been viewed as
adaptive responses to, and effective ways of avoiding, high rates of
predation on terrestrial nests (Kaminski and Weller 1992).
Natural duck nests situated over water or on islets survived
substantially better than upland nests in several North American
systems where mammalian predators predominated (Krapu et al.

! E-mail: albrecht@ivb.cz
2 Present address: Institute of Vertebrate Biology, Academy of
Sciences of the Czech Republic, CZ-60365 Brno, Czech Republic

1979, Giroux 1981, Arnold et al. 1993, Koons and Rotella 2003).
In areas dominated by avian predators, however, the effect of
island and overwater nest site selection is less clear because of
limited research (e.g., Hill 1984). High densities of waterfow!
nests reported from islands (Giroux 1981) may attract avian
predators and theoretically lead to islands acting as ecological traps
(Ratti and Reese 1988), particularly in agriculture-dominated
European landscapes where populations of generalist avian nest
predators are rapidly increasing (Hagemejjer and Blair 1998).

The idea that overwater and island nest sites are more secure is
based on the premise that some predator species avoid these areas
when foraging or forage less effectively there. Proximate causes of
variation in nest success, however, remain unclear for many
upland~overwater—island systems because few studies have
evaluated patterns of spatial distribution of nest predators over
those habitats (Jobin and Picman 1997). In addition, nest
predation rates in wetlands may be affected by the composition
of adjacent upland habitats (Jobin and Picman 1997) or by
distances to abrupt wetland/arable land edges (Albrecht 2004), but
few studies have addressed these issues using natural waterfowl
nests (Brua 1999, Zoellick et al. 2004).

We monitored nest survival of common pochards inhabiting
artificial wetlands in a mosaic, agriculture-dominated landscape in
central Europe. Our objective was to identify factors related to
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nest success in 3 habitats potentially representing a gradient of
accessibility to nest predators: terrestrial mainland, overwater
habitats, and artificial islands. We evaluated nest success and
predation rates on natural nests in these 3 habitat classes. We
hypothesized that predation rates would be a function of 1) habitat
class, 2) water depth, 3) vegetation characteristics, 4) distance to
nearest edge, and 5) island size and distance to upland. We
evaluated predator response to the various nest situations by
placing artificial nests in the 3 habitat classes and measuring
predation by avian and mammalian predators. Results of our study
should allow us to better understand proximate mechanisms that
may limit productivity of breeding waterfowl, and thus lead to
better management of wetlands for duck populations.

Study Area

We located pochard nests in the Trebon Basin Biosphere Reserve,
Czech Republic (approx. 49°00'N, 14°46’E). The study site (ca
180 km®) encompassed more than 300 artificial fishponds (ranging
from 0.5 to 400 ha). We randomly selected 26 (0.5-58.5-ha)
fishponds from approximately 280 fishponds that were <150 ha in
size and not used for commercial duck rearing. We had no a priori
knowledge of pochard breeding on selected or unselected
fishponds. Islands (0.02-1.5 ha, # = 30) were present on 10 of
the selected fishponds. The fishponds were excavated about 500
years ago; the islands were built by disposal of spoil material from
maintenance dredging activities that took place 20-30 years ago.
The ponds are actively managed for the production of carp
(Cyprinus carpio), with fish standing crops sometimes reaching
1,000 kg/ha (Korinek et al. 1987). In central Europe artificial
fishponds with controllable water levels and their associated
islands represent the most important source of overwater and
island habitats for breeding populations of pochards (Bezzel 1969)
and other diving duck species (e.g., tufted duck [Aythya fuligula)
and red-crested pochard [Netta rufina]). The fishponds, typical for
the Trebon Basin region, were relatively shallow, with maximum
water depths ranging from 90 to 140 cm. Margins of the fishponds
were vegetated (in bands 2-50 m in width) with cattail (Typha
spp.), manna grass (Glyceria maxima), and reed (Phragmites
australis). Reed and manna grass patches regularly extended from
water to terrestrial (upland) habitat (pochard nests placed there are
referred to as terrestrial nests, see below). Habitat surrounding
fishponds comprised a mosaic of crop fields, hay meadows,
pastures, and small woodlots. Pochard nesting sites were
dominated by reed, cattail, manna grass, raspberry (Rudus spp.),
or stinging nettle (Urtica dioica).

Methods

Nest Searching and Nest Site Characteristics

We searched for nests in all potential nest sites (wetland margins;
emergent vegetation; reed, manna grass, and cattail patches; nettle
and raspberry patches if <50 m from the shore) from mid-May
until the first week in July for 4 years (1999-2002). We found
nests by walking slowly to flush incubating females or by
systematically searching potential sites. After nests were located,
we checked them at 1-20-day intervals (mean = 8 d) to determine
their fate. We usually approached nests from the open water and
tried to follow a different path each time to minimize disturbance

to vegetation. We determined age of eggs using floatation
(Westerskov 1950) during the first visit. Nests {(observation
intervals) were classified as successful (nest active; at least 1
duckling hatched), depredated (at least 1 egg removed or
destroyed and no signs of ongoing parental activity at the nest;
no duckling hatched), or abandoned. Though we found some
nests that were already depredated, only nests that were active
when found were included in the analysis of nest survival.

We constructed a detailed habitat map from aerial photography,
and we updated the map in June of each year based on field
observations. We used ArcView 5.0 (Environmental Research
Institute 1996) to delineate and measure each vegetation patch,
and we assigned it to 1 of 3 habitat classifications (HABITATY):
terrestrial, littoral (water levels > 0 ¢cm), or island.

Nest site characteristics were measured at several spatial scales.
When each nest was found, we judged the percentage of the nest
that was visible by looking directly down on the nest (NVISIB).
We recorded the maximum height of vegetation (to the nearest 5
cm; HEIGHT) within a 1-m radius surrounding the nest and the
dominant vegetation types (cattail + reed, raspberry, nettle, or
manna grass; VEGTYPE). Water levels were measured at each
nest to the nearest 5 cm (WDEPTH). We measured distances in
the field from the nest to open water (DISTW), to the nearest
habitat edge (DISTEDGE), and to the nearest terrestrial land
(DISTTER). If a distance exceeded 20 m, we measured from the
digitized habitat map of the study site (scale of 1:2,000). We
measured each island’s total area (AREAISL), the distance from
the island to the nearest terrestrial land (TERISL), and the
distance to the nearest habitat edge (EDGEISL). Habitat edges
were defined as distinct interfaces between the wetland (water
surface + littoral patches and/or adjoining terrestrial patches of
reeds and manna grass) and agricultural land.

Artificial Nest Experiment

We deployed 90 artificial nests during each of 2 experimental
periods in 2003 (180 nests total). The nests were constructed of
dead leaves shaped into a cup closely resembling a natural pochard
nest. Each nest contained either 3 brown chicken eggs (30 nests
per period) or 2 chicken eggs and 1 chicken eggshell filled with
wax (60 nests per period). The use of wax-filled eggs allowed for
the identification of nest predator guilds via beak and tooth
imprints (Pasitschniak-Arts and Messier 1995). Pochard feathers
were added to the nests to mimic the scent of natural nests (Guyn
and Clark 1997).

Artificial nests were deployed on dry shore (representative of
terrestrial nest sites, n = 30), in patches of littoral vegetation
(representative of overwater nest sites, » = 30), and on islands (n=
30). Each habitat had 20 nests with 1 wax egg and 2 chicken eggs
and 10 nests with 3 chicken eggs and no wax egg. We usually
placed unmarked artificial nests in vegetation patches known to
have been pochard breeding sites during previous years. To
standardize nest locations, we placed all overwater nests 5-15 m
from the nearest terrestrial land and at water depths of 2040 cm,
which is similar to the average placement of pochard nests within
our study plots (distance: x = 8.1 m, SD = 5.7; water depth: x =
36.4 cm, SD = 14.8). We placed all nests >50 m from the nearest
agricultural edge. We kept the minimum distance between
neighboring nests at 100 m (range = 100-520 m) for shore and
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overwater nests. Of the 30 island nests, most were separated by
100 m, but some were closer (2090 m). Nests were exposed to
predators for 14 days, and then we recorded their fate. We ran the
experiment twice, first on 25 May 2003, and again on 18 June
2003 with new nest locations.

A nest was considered preyed upon if any eggshell was damaged
or any egg was missing. Because of potential shortcomings
associated with the use of artificial nests (Guyn and Clark 1997,
Weidinger 2001), we used this experiment only to assess relative
(not absolute) predation pressure and local predator-assemblage

composition (Major and Kendal 1996).

Data Analyses

We estimated the daily survival rate (DSR) of nests and evaluated
the effects of explanatory variables (hereafter referred to as
predictors) potentially related to nest survival by using the logistic-
exposure nest survival model, which is a generalized linear model
with a binomial error distribution and a logistic-exposure link
function (Shaffer 2004). This method models nest fate during
each observation interval as a Bernoulli response (0 = failure, 1 =
success), incorporating the length of the interval in the link
function. Each nest-visit interval was treated as a separate
observation. Intervals of uncertain status or those during which
nests failed for reasons other than predation (e.g., inclement
weather, disturbance by human activities) were excluded from the
analysis (n = 5; <1.5% of intervals). All analyses were conducted
with Proc GENMOD (SAS Institute 2001).

To evaluate the effects of individual predictors on nest survival,
we used an exploratory analysis restricted to a set of exploratory
models selected a priori to avoid excessive data dredging
(Burnham and Anderson 1998). We contrasted a set of candidate
models, which included habitat type, main effects of habitat
features (singly only to reduce the candidate model set), and the
interaction of habitat type and the continuous predictor added.
Predictors irrelevant for some habitat classes (e.g., DISTTER,
WDEPTH) were not considered at this stage. Because our main
objective was to compare nest success among 3 classes of nesting
habitat, we included models with the effect of habitat entered as a
categorical predictor with 3 levels or 2 levels (data from 2 habitats
lumped, resulting in 3 alternative scenarios: terrestrial 4- littoral vs.
island, terrestrial + island vs. littoral, terrestrial vs. littoral +
island). As a result, we obtained a set of 20 candidate models for
the combined data from all 3 habitats.

Because the models lend support for interactions between
habitat class and some of the continuous predictors, and because
some predictors were habitat specific, we ran additional models to
analyze nest survival separately within each habitat. The habitat-
specific sets of candidate models were defined as all possible
combinations of relevant predictors with the restriction that each
model could contain only 1 predictor from each of 4 predictor
groups (distances: DISTW, DISTTER, DISTEDGE; water
depth: WDEPTH; vegetation characteristics: NVISIB,
HEIGHT, VEGTYPE; date: Julian date centered within each
year where the median laying date = 0, DATE), under the
assumption that predictors are somewhat redundant within these
groups. We assumed no interaction between date and vegetation
characteristics because vegetation covering the nest was already
fully developed at the beginning of the pochard nesting season. .

Resulting sets comprised 24 (terrestrial habitat), 64 (littoral), and
32 (island) candidate models.

We evaluated potential observer effect on nest survival using a
generalized linear model with a binomial error distribution and a
log-link function (Rotella et al. 2000). Addition of covariates to
the observer effect model (Koons and Rotella 2003) had little
influence on the value of estimated observer effect. Hence, we
present model-fitting results only for the 1-parameter survival
model and the 2-parameter observer effect model.

Because most natural nests were observed over more than 1
interval (mean = 2.0, range 1-5), and because nests themselves
were spatiotemporally clustered, we used a mixed model approach
implemented in Proc NLMIXED (SAS Institute 2001) as
suggested by Shaffer (2004). Although the data have a hierarchical
structure (intervals within nests, nests within localities), currently
available procedures enable entering of only 1 random effect at a
time. Models that had the locality~year combination as the
random effect fit marginally better (based on Akaike’s Information
Criterion [AIC]; see description of this statistic below) than those
with a random effect of nest individuality. However, addition of
random effects to the candidate models did not change
conclusions on their relative adequacy in any analysis. Because
of this, and because random effects could not be included in the
analysis of terrestrial (small sample size: mean = 1.7 nest-visit
intervals per locality—year combination) and artificial (see below)
nests, we present only the results based on fixed effects models.

Fate (0 = failure, 1 = success) of artificial nests was analyzed
using binary logistic regression (Proc GENMOD; SAS Institute
2001) because all nests were exposed over a constant period. The
unit of analysis was a nest. Because the experiment was designed
to avoid temporal {only 2003 season) or spatial (with exception of
islands, see discussion of spacing above) factors in the clustering of
nests, we did not consider random effects. We modeled only the
effect of habitat class and the potential incremental effects of
TRIAL (May vs. Jun), type of artificial eggs (chicken vs. chicken +
wax-filled; EGGTYPE), and their interactions with HABITAT.
We did not model environmental factors because the nests were
positioned to control for environmental covariates.

We assessed the adequacy of the candidate models according to
the AIC with finite sample correction (AIC,), following guide-
lines by Burnham and Anderson (1998). All models that differed
in AIC, from the best-supported model (the model with lowest
AIC) by a factor less than 2 were considered to be similarly
supported. In addition to the parameter estimates resulting from
the best-supported model, we calculated parameter estimates
averaged across the set of candidate models using model weights
(w). The latter reflect both the uncertainty associated with the
given model and the uncertainty in sclecting that model (Burnham
and Anderson 1998). For each predictor we also present its
cumulative weight {cw), which is a sum of model weights over all
models containing that predictor.

Results

Natural Nests

The data used to analyze nest survival comprised 400 nest-visit
intervals, representing 195 nests clustered in 54 locality—year
samples. We searched 139.25 ha of pochard habitat during the
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1999-2002 period. We found higher than expected numbers of
nests on islands (total number of pochard nests found/expected
[including already depredated nests] =28/64, 113/112, and 99/64
in terrestrial, littoral, and island habitats, respectively; expected
numbers of nests are based on proportional area searched for nests
in each habitat class, assuming equal nest densities). Neither nest
visibility nor vegetation height estimates differed among the 3
habitat classes considered (analysis of variance [ANOVA], P >
0.10 in both cases).

The constant survival model estimated the daily survival as 0.969
(95% confidence interval [CI]: 0.962-0.975), yielding a nest
success estimate of 0.36 (95% CL 0.29-0.44) over a 32-day
period. The most important determinant of nest survival in pooled
data was HABITAT (Tables 1 and 2). The model with separate
survival estimates for the 3 habitats (AAIC. = 6.7; Fig. 1) clearly
stood out as better than the constant survival model (AAIC. =
50.1) and fitted the data well (Hosmer and Lemeshow goodness-
of-fit test: ¥*HL = 10.23, df = 8, P = 0.25; Hosmer and
Lemeshow 1989). Categorization to 3 habitat classes was better
supported than categorization to only 2 habitats, with the
distinction between terrestrial and the other habitat as the most
informative (AAIC, = 19.3). Of the continuous predictors
considered in addition to HABITAT (Tables 1 and 2), the
best-supported model contained NVISIB and its interaction with
HABITAT; there was also some support for an effect of
DISTEDGE and its interaction with HABITAT.

A separate analysis of terrestrial nests supported the constant
survival model, although sample size was small and some effects
may have remained undetected (Tables 3 and 4). For littoral nests,
the best approximating model (Tables 3 and 4) contained effects
of NVISIB (~0.022; 95% CI: —0.034 to —0.010), WDEPTH
{0.042; 95% CI: 0.015 to 0.072), and DISTEDGE (0.032; 95%
CL: 0.003 to 0.065), of which DISTEDGE was generally less
informative (cw =0.69) than WDEPTH (cw =0.98) and NVISIB
{ew = 0.99). For island nests, the best approximating model
(Tables 3 and 4) contained effects of DISTW (0.414; 95% CI:
0.078 to 0.905) and DATE (0.052; 95% CI: 0.008 to 0.098), both
of which were about equally informative (cw = 0.78 and 0.81,
respectively). Some support was found also for an effect of
HEIGHT.

We explored the utility of additional descriptors of island habitat
(not included in the set of models shown in Table 3) as potential
predictors of nest survival. The models containing effects of

TERISL and EDGEISL received similar support (all differences

in AIC, < 1.5) as the corresponding models with nest-specific
distances (Table 3). We found only weak support for the effects of
AREAISL, entered either separately (AAIC, = 4.9) or in
combination with other predictors. We found little support for
an observer effect in any habitat. All observer effect estimates were
<1 (suggesting negative effect on survival), but their 95% CI
overlapped 1 (terrestrial: 0.413, 0.076 to 2.236; littoral: 0.957,
0.835 to 1.096; island: 0.993, 0.922 to 1.070; combined: 0.969,
0.879 to 1.028).

Artificial Nests

Two artificial overwater nests were used by pochard females as the
base for their own nests, 1 in May and 1 in June, and 1 additional
nest was flooded; 82 of the remaining 177 artificial nests were
preyed upon. The resulting nest survival (DSRs extrapolated over
32 days) for artificial nests was lower (0.24; 95% CI: 0.17-0.32)
than that for natural nests (see above). The global model
containing all main effects and interactions (Table 4) fitted the
data well (x’HL = 1.64, df = 8, P = 0.99). Of the candidate
models evaluated, the model with separate survival rates for the
terrestrial versus other habitats was the best supported from the
data and was marginally better than the models with separate
survival for all 3 habitats (Fig. 1) or islands versus other habitats.
We found little support for models including the effects of egg
type or trial, which were controlled for the effect of habitat
(Tables 5 and 6).

Avian predators caused most nest losses, with predation by
corvids (59% of all predation by an identified species, n=46) and
marsh harriers (Circus aeruginosus; 13%) prevailing. The propor-
tion of nests depredated by mammals tended to decrease along a
wetland gradient from islands to terrestrial land, whereas the
opposite was found for avian predators (mammalian/avian
predation: island 0/12; overwater nests 1/12; terrestrial nests 10/
11; exact G test for 3 X 2 contingency table, P=0.002). Martens
(Martes spp.) and red foxes (Vulpes vulpes) were identified as
mammalian predators of upland nests. One overwater nest was

destroyed by wild boars (Sus scrofa).

Discussion

Our data support the idea of general security of overwater and
island habitats for breeding waterfowl. Predation rates were low
on artificial islands, whereas upland nests and those placed over
water were exposed to exceptionally high and intermediate rates of
predation, respectively. Nest survival differed by as much as 60%

Table 1. Model-fitting results for the nest survival of common pochard, Trebon Basin Biosphere Reserve, Czech Republic, 1999-2002. Models are compared
according to number of parameters (K), model deviance (D), Akaike's Information Criterion corrected for sample size (AIC,), the difference in AIC, from the best
supported mode! (AAIC,), and model weight (w). The remaining candidate models had AAIC, > 7.0 and w < 0.01.

Modei® K D AlC. AAIC, w
HABITAT -+ NVISIB + INTERACTION 6 3442 356.2 0 0.37
HABITAT + DISTEDGE + INTERACTION 6 344.7 356.7 0.5 0.29
HABITAT -+ NVISIB 4 350.0 358.0 1.8 0.16
HABITAT + DATE 4 350.7 358.7 25 0.11
HABITAT + DATE + INTERACTION 6 349.9 361.9 57 0.02
HABITAT + DISTEDGE 4 354.8 362.8 6.6 0.0
HABITAT 3 356.9 362.9 6.7 0.01

# Model terms: habitat class (HABITAT), distances from a nest to the nearest agricultural land (DISTEDGE), nest visibility (NVISIB), Julian date centered

within each year (DATE).
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Table 2. Model-averaged parameter estimates and cumulative weights (cw) of
predictors from models of nest survival of common pochard, Trebon Basin
Biosphere Reserve, Czech Republic, 1999-2002.

Effect® Estimate SE cw

CONSTANT 4.207 0.423

HABITAT (tem) —2.427 0.631 >0.99
HABITAT (iitt) -0.844 0.612

DATE 0.004 0.007 0.13
DISTEDGE 0.001 0.001 0.31
DISTW 0.003 0.007 0.01
NVISIB -0.003 0.006 0.53
HEIGHT <0.001 0.003 0.01

2 Model terms: habitat class (terrestrial, littoral, island = reference
category; HABITAT), distances from a nest to an open water surface
(DISTW) or the nearest agricultural land (DISTEDGE), nest visibility (NVISIB),
maximum height of vegetation surrounding the nest (HEIGHT), Julian date
centered within each year (DATE).

among these sites. We know of no studies that have used Mayfield
estimates to calculate nest success rates over the upland-littoral-
island gradient, and only a few studies have looked at upland
versus littoral or upland versus island habitats. Mayfield success for
overwater mallard (4nas platyrhynchos) nests reached up to 44% in
Manitoba, which is substantially higher than the 12% found for
upland nests (Arnold et al. 1993). The same pattern was reported
for 2 diving duck species (lesser scaup [Aythya affinis] and ring-
necked duck [Aythya collaris]) by Koons and Rotella (2003).
Similarly, island nests experienced lower rates of predation than
mainland nests in studies of king eiders (Somateria spectabilis;
Kellett et al. 2003), mallards, and tufted ducks (Hill 1984). Our
finding of higher than expected numbers of nests on islands was
consistent with reported breeding preferences of pochards for this

habitat (Bezzel 1969). Though our data are derived from a
restricted sample of fishponds, those included in our study
represent a typical type for the Trebon Basin and perhaps for
central Europe as well (also Korinek et al. 1987).

Our results correspond well with the findings of Jobin and
Picman (1997) that terrestrial ground nests are accessible to a
diverse predator community. For example, mammalian predation
was almost exclusively restricted to terrestrial habitats in our
artificial nest study. We therefore conclude either that water poses
an effective physical barrier to at least some mammals, or that local
mammalian predators (mostly martens and foxes) avoid overwater
stands as foraging habitats. Indeed, natural pochard nests placed
over deep water survived much better than those in shallows,
suggesting that water itself deterred some nest predators. Spatial
distribution of mammalian predators over wetlands could thus be
an important factor contributing to differences in predation rates,
at least between upland and overwater habitats. Aversion by corvids
to landing over water and their reduced mobility in overwater
habitat should also be considered as a possible factor (Sullivan and
Dinsmore 1990). Note that raccoons (Procyon lofor) and minks
(Mustela vison), North American species that may forage in littoral
zones (Brua 1999), have recently expanded their range into Europe,
including the Czech Republic (Mitchell-Jones et al. 1999), but
were absent in our study plots during the 1999-2003 study period.
There is a relatively large body of knowledge concerning factors
affecting predation rates on upland waterfowl nests, but few studies
address overwater nests; those have conflicting results as to the
effect of nest concealment (Featherstone 1975, Maxson and Riggs
1996, Brua 1999). We found that concealment improved survival of
overwater nests, which is consistent with the prevailing under-
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Figure 1. Survival of natural and artificial common pochard nests in 3 classes of nesting habitat in the Czech Republic, 1999-2002. Nest survival was calculated
by extrapolating the daily survival rate over 32 days (8 days laying plus 24 days incubation). The daily survival rate (natural nests, Table 1) and the survival rate over
experimental trial (artificial nests, Table 5) were estimated by the models including only the effect of habitat class: logit {daily survival, natural) = 4.22 {SE 0.23) —
2.52 {0.36) * terrestrial — 0.98 (0.27) * littoral; logit {14-day survival, artificial)=0.62 {0.27) — 1.02 (0.38) * terrestrial — 0.37 (0.38) * littoral. The approximate 95% Cl

and the number of nests are shown.

788

The Journal of Wildlife Management ¢ 70(3)

88


uzivatel
88


Table 3. Model-fitting results for the nest survival of common pochard in
terrestrial, littoral, and island nesting habitats, Trebon Basin Biosphere
Reserve, Czech Republic, 1999-2002. Models are compared according to
number of parameters (K), model deviance (D), Akalke’s Information Criterion
corrected for sample size (AIC,), the difference in AIC, from best-fitting model
(AAIC), and model weight (w). Only the 5 best-supported models are given.
The remaining candidate models had w < 0.05.

Table 5. Model-fitting results for the survival of artificial nests, Trebon Basin
Biosphere Reserve, Czech Republic, 1999-2002. Models are compared
according to number of parameters (K}, model deviance (D), Akaike's
Information Criterion corrected for sample size (AIC,), the difference in AIC,
from best-fitting model (AAIC,), and model weight (w). Only 5 best supported
models are given. The remaining candidate models had AAIC, > 3.0 andw <
0.05.

Model® K D AC, AAIC, w Model® K D AIC. AAIC. w
Terrestriat HABITAT (terrestrial versus other) 2 237.6 2416 0 0.34
CONSTANT 1 288 309 0 0.16 HABITAT 3 2366 2426 1.0 0.21
DISTEDGE 2 279 320 141 0.09 HABITAT (island versus other) 2 2387 2437 2.1 0.12
DATE 2 28.1 32.3 1.4 0.08 HABITAT + EGGTYPE 4 2360 2440 2.4 0.10
VEGTYPE 3 263 326 1.7 0.07 HABITAT + TRIAL 4 2365 2445 29 0.08
NVISIB 2 287 327 1.8 0.07
Littosral 2 Model terms: habitat class (HABITAT), experimental trial (May vs. Jun;
DISTEDGE + WDEPTH + NVISIB 4 1734 1814 0 0.48 TRIAL), type of artificial egg {(chicken vs. chicken + wax-filled; EGGTYPE).
DISTEDGE + WDEPTH + NVISIB

+ DATE 5 1732 1833 19 0.8 , o

WDEPTH + NVISIB 3 1782 1843 29 011  water probably does not pose a barrier to birds, it is unclear why
DISTTER + WDEPTH + NVISB 4 1776 1855 41 006  avian predators did not preferentially prey upon clumped island
E:::XV*’WDEPTH +NVISIB 4 1779 1859 45 005 e closely resembling terrestrial nests in terms of dry-land
DISTW + DATE 3 1124 1184 0 031 placement, concealmeflt, and other. attributes. .Crows (Car'u.us
DISTW + HEIGHT + DATE 4 1117 1198 14 016  corone) and marsh harriers, the most important avian predators in
DISTW + NVISIB + DATE 4 1124 1204 20 011 our study, are habitat generalists, probably foraging opportunisti-
DISTW + VEGTYPE + DATE 6 1092 1213 29 007 )y on the most available prey items (Andrén 1992, Operman
DISTW > 1178 1218 34 006 y prey items ( » /Permanis

2 Model terms: Julian date centered within each year (DATE), distances
from a nest to an open water surface (DISTW), the nearest terrestrial land
(DISTTER) or the nearest agricultural land (DISTEDGE), water depth
(WDEPTH), nest visibility (NVISIB), maximum height of vegetation surround-
ing the nest (HEIGHT), the dominant vegetation type (cattail + reed, manna
grass, nettle, raspberry; VEGTYPE).

standing of the impact of avian predators that mostly rely on visual
cues of nests (Sullivan and Dinsmore 1990). The high species
richness of local predator assemblages, with predators employing
nest-searching tactics based on a combination of cues, may account
for the lack of effect of nest visibility and other factors on nest
predation in upland habitat. Alternatively, our sample sizes were
insufficient to detect such effects.

Predation rates on island nests were apparently low. Because

2001). Unfortunately, we lack precise data on the alternative prey
abundance in the landscape surrounding the fishponds. Meadow-
crop field mosaic acted as preferred hunting areas for both avian
species. Further, both crow and harrier occurrences are positively
associated with the proportion of arable land in the Trebon Basin
area (Albrecht and Kurz, unpublished manuscript). It is thus
possible that the distant location of islands from human-altered
open lands (usually >100 m), combined with their small size
{0.02-1.5 ha) and obvious scarcity over the entire landscape, may
have led avian predators to not prefer or even to avoid these
habitats for hunting, particularly if waterfowl eggs were not their
preferred food items (Ackerman 2002). Nest success was higher
on small islands and on those situated farther away from uplands
in several other studies (Giroux 1981, Kellett et al. 2003, Zoellick
et al. 2004). Predators may tend to incidentally prey on pochard
nests in areas surrounding their preferred foraging habitats

Table 4. Modei-averaged parameter estimates and cumulative weights {cw) of predictors from models of nest survival of common pochard in terrestrial, littoral,
and island nesting habitats, Trebon Basin Biosphere Reserve, Czech Republic, 1999-2002.

Terrestrial Littoral Island

Effect® Estimate SE cw Estimate SE cw Estimate SE cw
CONSTANT 1,749 0.492 2.098 0.591 3.722 0.528
DATE 0.007 0.015 0.32 0.001 0.008 0.28 0.041 0.028 0.81
DISTEDGE -0.010 0.021 0.28 0.022 0.020 0.69 <0.001 <0.001 0.06
DISTW -0.007 0.022 0.20 -0.001 0.003 0.07 0.313 0.247 0.78
DISTTER nd® nd nd 0.002 0.006 0.08 <0.001 0.001 0.07
WDEPTH nd nd nd 0.043 0.015 0.98 nd nd nd
NVISIB 0.001 0.003 0.19 -0.021 0.006 0.99 <0.001 0.002 0.18
HEIGHT 0.017 0.087 0.17 -0.001 0.002 <0.01 0.069 0.159 0.23
VEGTYPE 1 nd nd nd nd 0.028 0.138
VEGTYPE 2 0.230 0.473 nd nd -0.090 0.196
VEGTYPE 3 ~0.024 0.139 0.17 <0.001 0.001 <0.01 -0.102 0.206 0.13

2 Effects: Julian date centered within each year (DATE), distances from a nest to an open water surface (DISTW), the nearest terrestrial land (DISTTER) or
the nearest agricultural land (DISTEDGE), water depth (WDEPTH), nest visibility (NVISIB), maximum height of vegetation surrounding the nest (HEIGHT), the
dominant vegetation type (manna grass = reference category, raspberry = VEGTYPET, nettle = VEGTYPE2, caftail + reed = VEGTYPES3).

® nd = Not defined for this habitat.
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Table 6. Model-averaged parameter estimates and cumulative weights {cw) of
predictors from models of survival of artificial nests, Trebon Basin Biosphere
Reserve, Czech Republic, 1999-2002.

Effects® Estimate SE cw
CONSTANT 0.204 0.527
HABITAT (tem) ~0.472 0.560 0.47
HABITAT (litt} -0.160 0.293
TRIAL 0.008 0.049 0.12
EGGTYPE 0.083 0.171 0.18

@ Effects: habitat class (terrestrial, fittoral, island = reference category,
HABITAT), experimental trial (May vs. June; TRIAL), type of artificial egg
{chicken vs. chicken + wax-filled; EGGTYPE).

(Vickery et al. 1992). We found evidence for edge-related nest
predation in littoral patches adjacent to agricultural land, and a
similar mechanism (i.e., edge effect) cannot be ruled out when
explaining the exceptionally low predation rates on islands.

High nest success accompanied by high proportion of nests
found on islands adds support to the idea of adaptive habitat
selection by breeding pochards in our study area. The fact that
mammalian predators only occasionally visited littoral patches and
mostly avoided islands is particularly important from the evolu-
tionary and conservational perspectives. Mammalian predation
may exert a strong selective force in the evolution of habitat
selection rules by the prey. Unlike predation by many avian
predators, predation attacks by mammals often result in death or
injury of the incubating female duck (Sargeant and Raveling
1992), thereby resulting in the loss of future reproduction.
Evidence lends support to the idea that survival of nesting females
is higher on islands (Dufour and Clark 2002). The high density of
nests on islands may lead to increased inter- or intraspecific brood
parasitism rates (Dugger and Blums 2001), but potential fitness
costs could be offset by the relative inaccessibility of island habitats
to mammalian predators. Based on our data, we conclude that
nesting over water or on islands may represent important means of
escaping mammalian predation in pochards.
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Management Implications

We found that artificial islands may well function as a protective
breeding habitat for pochards in our study area. Similarly,
overwater nests were exposed to only moderate predation and
the predator community preying on artificial nests differed
between terrestrial versus overwater and island breeding habitats.
Most importantly, our data indicate that mammalian predators
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the likelihood that they would prey on nests in littorals decreased
with increasing water depth around the nest. We therefore
recommend that water levels of artificial ponds with controlled
water levels should be steadily maintained at high levels during the
breeding season to improve the nesting success of pochards. We
also conclude that management efforts in the Trebon area,
designated as a Special Protection Area according to the European
Union Birds Directive (Council Directive 79/409/EC on the
conservation of the wild birds), should be, in line with the
directive and with Czech Government Decree 680/2004, focused
on saving appropriate breeding habitats on artificial islands and
also on preserving dense littoral patches surrounding fishponds.
The finding that the proximity of human-altered edges may alone,
irrespective of other factors, affect nest predation rates in wetland
margins highlights the need to maintain wide strips of littorals
and extensive undisturbed wetland patches to improve nesting
success of waterfow] and, possibly, other littoral nesting birds.
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Strucny souhrn publikaci



Stru¢ny souhrn publikaci:

Tato prace obsahuje Ctyfi ¢lanky které jsou zaméiené na rtizné aspekty hnizdni
predace antipredacnich strategii a distribuce predéatort v krajing.

Prvni ptispévek “Nest protection in mallards (Anas plathyrhynchos): Untangling the
role of crypsis and parental behaviour” (Kreisinger & Albrecht 2008) se zaméfuje na
analyzu vlivu antipredacnich strategii na reproduk¢ni uspéSnost u kachny divoké.
Nase experimentalni data ukazuji, Ze hnizdni GspéSnost ovliviiuje soucasné tada
antipredacnich strategii jako je vybér umisténi hnizda, antipredacni vliv rodi¢ovského
chovani a krypse v dasledku zakryvani hnizda hnizdnim materialem béhem ptestavek
v inkubaci. Na rozdil od nékterych diivéjSich studii nase data ukazuji Ze relativni
efekt krypse a rodicovského chovani na piezivani hnizd neni v interakci s
antipreda¢nim efektem zakryti hnizda vegetaci.

V ¢lanku “Corridor versus hayfield matrix use by mammalian predators in an
agricultural landscape (Salek et al. in press), byla testovana hypothésa Ze linearni
pasy pokryté kfovinatou vegetaci vzrostlou travou jsou preferovany savéimi
mesopredatory pied pravideln¢ kosenymi loukami. Experiment potvrdil ze
pravdépodobnost detekce vSech druhti Selem byla vyssi v koridorech nez okolni
krajinné matrix. NaSe prace tudiz naznacuje ze udrzovani téchto krajinnych elementa
v zemédelské krajiné muze byt i€¢innou metodou pro ochranu populaci drobnych
Selem.

Fragmentovana krajinu obecné obyva vétsi mnozstvi predatorii v porovnani s
nefragmentovanou krajinou. Castym disledkem toho je zvySena mira predace, a to
pfedev§im v habitatovych rozhrani (tzv. "edge effect"). V praci “Testing a
mechanistic explanation for mammalian predator responses to habitat edges™
(Svobodova et al. submitted) jsme se zaméfili na test mechanismt které podmiiuji
distribuci predatorii na habitatovém rozhrani mezi lesem a obhospodafovanymi
loukami. V této praci jsem soucasn¢ hodnotily gradient v abundancich sav¢ich
mezopredatorti a jejich hlavniho typu kofisti, drobnych hlodavcl na pfechodu mezi
dvéma sledovanymi biotopy. Nase vysledky ukazuji znacnou temporalni proménlivost
v habitatovych preferencich Selem. Zatimco Selmy nevykazovaly vyrazné habitatové
preference v prvnim roce studia, v druhém roce byly Selmy vyrazné preferovaly
okrajové habitaty mezi lesem a loukou, nez interiory téchto habitati. NaSe vysledky

vSak nepodporuji hypotézu, ze by habitatové preference predatoti byli piimo
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ovlivnény mnozstvimpotravni nabidky. NaSe data nejsou rovnéz konzistentni ani s
predstavou ze zvySeny vyskyt predator v habitatovych rozhranich vzniké v disledku
difuze predatort z kvalitnéjSiho do méné kvalitniho biotopu.

V c¢lanku "Factors determining pochard nest predation along a wetland gradient”
(Albrecht et al. 2006) se zaméfujeme na analyzu environmentalnich faktord
ovlivitujicich hnizdni GspéSnost u polédka velkého (Aythya ferina). Riziko hnizdni
predace bylo nejnizsi u hnizd umisténych na ostrovech v porovnani s litoralnimi a
terestrickymi habitaty, kde bylo naopak nejvyssi. Riziko predace bylo vyssi umélych
sniSek umisténych v pobieznich habitatech nez u sniiSek v litoralu nebo na ostrovech.
Na druhou stranu u hnizd umisténych v litordlu ptevladala predace korvidy a
motakem pochopem (Circus aeruginosus). Nase data ukazuji ze ostrovy a Siroké pasy
litoralni vegetace miiZou pfedstavovat bezpecné hnizdni habitaty pro vrubozobé v

disledku redukce rizika pradace terestrickymi predatory.
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